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Examples: 

significant  distance  from  the  endwalls.  Therefore,  a 
radial  variation  in  efficiency  should  be  used  when 
designing  small  stators. 

Project  Officer  Jeffrey  E.  Haas        .        — 

(216)433-4000. 

FOR    ADDITIONAL    INFORMATION 

You  can  learn  more  about  this  technology  by  ord 
the  NTIS  report(s): 

Cold-Air  Performance  of  Compressor  Drive 

Turbine 

Order  number:  AD-A101066/NAA 

Price  code:  A02 -— 

Order  from: 

National  Technical  Information  Service 
■:,  ■    5285  Port  Royal  Road 
.-■-    .■Springfield,  VA  22161 
'"'■"(703)487-4650 
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Suggested  applications  include  other  kinds  of 

refrigerators,  heat  engines,  thermal 

instrumentation,  and  heat  switches. 

This  work  was  done  by  Emanuel  Tward  of  Caltech 

for  NASA's  Jet  Propulsion  Laboratory. 

NPO-15479/TN 

FOR    ADDITIONAL    INFORMATION 

Contact:  Director,  Technology  Transfer 
Division,  P.O.  Box  8587,  BWI  Airport,  MD 
21240:  (301)  621-0100  Ext.241. 
REFER  TO  THE  NUMBER  LISTED  AT  THE 
END  OF  THE  ARTICLE 


178' 


•Agency  contact  who  can 
supplement  the  information 
contained  in  the  backup 
report. 


NTIS  Order  Number* 
NTIS  Price  Code* 


*  See  the  order  form  and 
price  code  table  at  the  end 
of  the  issue. 


Agency  reference 
number 

Source  of  more 
information  about  the 
technology  described  in 
the  fact  sheet 


•Page  number 


Tech  Notes  Title  List  for 
April1992 


Agriculture  &  Food 

0227  In  Antibodies,  Bigger  Isn't  Always  Better 

0228  Bovine  Johnny  Appleseed  Revitalized  Ranges 

0229  Insecticide  Adherence  Triples  With  Soybean  Oil 

0230  Off  to  Market:  A  Stressful  Affair 

0231  Skipping  Prepiant  Irrigation  Saves  Water,  Cash 

0232  Pollen  Equipment  For  Forest  Service  Seed  Orchards 

Computers 

0233  Concocting  the  Ultimate  Beetle-Juice 

0234  Neural-Network  Control  of  Prosthetic  and  Robotic 
Hands — The  prosthesis  or  robot  could  be  taught  by 
the  user. 

0235  System  for  Research  on  Multiple-Arm  Robots — A 
modular  system  provides  flexibility  for  programming 
and  control. 

0236  Programmable  Maintenance  Processor  for  XAIDS — 
The  processor  assists  in  the  testing  of  other  digital 
equipment  and  programs. 

Software 

0237  HyperCLIPS— The  HyperCard  and  CLIPS  programs 
are  combined  into  a  program  that  offers  the  advan- 
tages of  both. 

0238  Software  for  Integration  of  EVA  and  Telerobotics — 
The  TEJAS  program  facilitates  discussion,  communi- 
cation, and  analysis  in  the  EVA  and  telerobotics 
communities. 

Other  Items  of  Interest 

0244     Flexible  Generation  of  Array-Detector  Timing 

Signals — Timing  patterns  can  be  changed  easily  via 
software. 

0264     Fast  Parallel  Computation  of  Manipulator  Inverse 
Dynamics — Multilevel  parallelism  is  exploited  by  an 
MIMD-SIMD  special-purpose  parallel  architecture. 

Electrotechnology 

0239  Multiplexed  Noise  Coded  Switching  System  (Licens- 
ing Opportunity) 

0240  Orthogonal  Spread  Spectrum  Time  Division  Multiple 
Accessing  Mobile  Subscriber  Access  System 
(Licensing  Opportunity) 

0241  SLS  Reflectance  Modulator  Uses  Popular  Laser 
Wavelength  (Licensing  Opportunity) 

0242  Algorithm  Reveals  Sinusoidal  Component  of  Noisy 
Signal — The  product  of  the  analysis  is  presented  in 
easy-to-interpret  graphical  form. 


0243  Edge-Geometry  NbN/MgO/NbN  Tunnel  Junctions— 
Superconductor/insulator/superconductor  tunnel 
junctions  of  high  quality  have  been  fabricated. 
(Licensing  Opportunity) 

0244  Flexible  Generation  of  Array-Detector  Timing 
Signals — Timing  patterns  can  be  changed  easily  via 
software. 

0245  lr/lrSi3/Si  Schottky-Barrier  Infrared  Detector- 
Quantum  efficiency  would  be  Increased.  (Licensing 
Opportunity) 

0246  Low-Noise  Charge-Coupled  Device — The  same 
quantity  is  measured  many  times  to  reduce  the 
uncertainty.  (Licensing  Opportunity) 

0247  Si1  -xGex/Si  Infrared  Photodiodes— Cutoff  wave- 
lengths depend  on  x  and  can  also  be  adjusted 
somewhat  via  reverse  bias. 

0248  Sign-and-Magnitude  Up/Down  Counter — Negative 
numbers  are  indicated  more  directly.  (Licensing 
Opportunity) 

0249  Stereoscopic  Configurations  To  Minimize  Distor- 
tions— Placement  of  cameras  and  processing  of 
images  can  be  adjusted  to  enhance  perception  of 
depth.  (Licensing  Opportunity) 

Software 

0250  Estimating  Rain  Attenuation  in  Satellite  Communica- 
tion Links — Attenuation  is  computed  with  the  help  of 
a  statistical  model  and  meteorological  data. 

Testing  &  Instrumentation 

0251  Imaging  Technique  Pinpoints  Upsets  in  Integrated 
Circuits 

0252  Electro-Optic  Voltage  Sensor  (Licensing  Opportunity) 

Other  Items  of  Interest 

0253  A  Better  Zinc-Nickel  Oxide  Battery — Longer  cycle  life 
and  lower  cost 

Energy 

0253  A  Better  Zinc-Nickel  Oxide  Battery — Longer  cycle  life 
and  lower  cost 

Other  Items  of  Interest 
0282     Solar  Detox  System 

Engineering 

0254  Abandoned  Mine  Lands  TN  #5 
Abandoned  Mine  Detection  Using  Integrated 
Geophysical  Methods 

0255  Computer  Program  for  Unsaturated  Flow  Analysis 
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Engineering  (Cont.) 

0256  Innovative  Roof  Bolt  Support  System 

0257  Bioprocess  for  Phosphate  Solubilization 

0258  Ice  Penetration  System  Makes  Access  Holes  in  Ice 
for  Divers  and  Equipment 

0259  Undenwater  Blast  Effects  Data  Collected 

0260  Computed  Hypersonic  Flow  About  a  Sharp  Cone — 
The  laminar-turbulent  transitional  flow  with  particular 
reference  to  heat  transfer  is  studied. 

0261  Computed  Turbulent  Flow  in  a  Turnaround  Duct — 
Kinetic  energy  of  turbulence  near  the  wall  is  pre- 
dicted accurately. 

0262  Designing  Applications  for  Fasteners — This  book 
assists  the  engineer  in  the  seemingly  simple — but 
really  difficult — selection  of  fasteners. 

0263  Digital  Image  Velocimetry — Magnitudes  and  direc- 
tions of  velocities  are  determined  unambiguously. 

0264  Fast  Parallel  Computation  of  Manipulator  Inverse 
Dynamics — Multilevel  parallelism  is  exploited  by  an 
MIMD-SIMD  special-purposa  parallel  architecture. 

0265  Hidden-Markov-Model  Analysis  of  Telemanipulator 
Data — Forces  and  torques  are  analyzed  by  extension 
of  a  method  previously  applied  to  speech. 

0266  Hydrodynamic  Skin  Friction  Polymers  and  Riblets 
Reduce — Polymers  injected  into  riblet  grooves  could 
dramatically  reduce  the  polymer  flow  rate  required  for 
drag  reduction.  (Licensing  Opportunity) 

0267  Navier-Stokes  Simulation  r '  Wind-Tunnel  Flow — 
Numerical  Integration  is  performed  by  the  LU-ADI 
factorization  algorithm. 

0268  Particle-in-Cell  Simulation  of  Explosive  Flow — A  cell 
can  contain  more  than  one  material. 

0269  Pressure  Fluctuations  in  Simulated  Turbulent 
Channel  Flow — Statistical  analysis  of  data  shows 
significant  trends. 

0270  Spectral  Method  for  Simulation  of  Vortex  Rings — 
Computations  yield  accurate  results  for  long  times. 

0271  Speeding  Convergence  in  Simulations  of  Hypersonic 
Flow — A  Richardson-type  overrelaxation  method  is 
applied. 

0272  Redundant  Robot  Can  Avoid  Obstacles — Configura- 
tion control  would  exploit  the  extra  degrees  of 
freedom.  (Licensing  Opportunity) 

0273  Viselike  Robotic  Gripper — A  split-rail/roller  bearing 
system  minimizes  both  friction  and  jamming  under 
side  loads. 

Software 

0274  Analyzing  Control/Structure  Interactions— CO-ST-IN 
works  in  conjunction  with  other  programs  to  enhance 
analysis  of  vibrations. 

0275  Decomposing  Systems  Into  Subsystems  for  De- 
sign— Interactions  among  systems  are  displayed  in  a 
concise  format.  (Licensing  Opportunity) 


0276  Grasping-Force  Sensor  for  Robot  Hand — Claws 

remain  aligned  during  grasping.  (Licensing  Opporlu-     ^^ 
nity)  ^ 

0277  Improved  Panel-Method/Potential-Flow  Code — The 
size  of  the  program  can  be  adapted  to  the  capacity  of 
the  computer. 

Testing  &  Instrumentation 

0278  Adjustable  Support  for  Instrument  Package — A 
structure  can  be  adapted  to  a  variety  of  configura- 
tions. 

0279  Detection  of  Motion  With  a  Phase-Conjugate  Mirror — 
A  photorefractive  image-processing  apparatus  acts 
as  a  novelty  filter.  (Licensing  Opportunity) 

Other  Items  of  Interest 

0292     Expert  System  for  Heat  Exchanger — Diagnosis  is 
simplified  for  non-engineers. 

Environmental  Science  &  Teclinology 

0280  Study  of  Recycled  Plastic  Composites  for  Highway 
Applications 

0281  Microwaves  Destroy  Waste 

0282  Solar  Detox  System 

Testing  &  Instrumentation 

0283  Robot  Probe  to  Minimize  Risks  for  Scientists — Real- 
time analysis  of  hazardous  wastes  ^ 

Other  Items  of  Interest  . -.       ,     ', 

0316     Chemical  Detection  Instrument  Could  Aid  Treaty 
Compliance 

Manufacturing,  Machinery  &  Tools 

0284  Sandia  Creates  Center  for  Solder  Science  and 
Technology 

0285  Sounding  Out  Defects — Ultrasonic  system  benefits 
Iowa  industry 

0286  Thermal  Spray  Coating  Thickness  Gage 

0287  Grinding  Machine  tor  Watertight  Hatch  Lugs  Devel- 
oped 

0288  Graphite  Aluminum  Tube  Fabrication 

0289  Advances  in  the  Composite  Workstation 

0290  Advanced  Machine  Tool  Controller 

0291  Repairing  a  Shaft  Prone  to  Fatigue — The  shaft  of  a 
hydraulic  motor  now  outlives  its  bearings. 

0292  Expert  System  for  Heat  Exchanger — Diagnosis  is 
simplified  for  non-engineers. 

0293  Rotary-to-Axial  Motion  Converter  for  Valve — The 
mechanical  advantage  varies  to  provide  maximum 
force  of  translation  where  each  is  most  needed. 

0294  Vacuum  Powder  Injector — Neat  resin  coats  are 

applied  uniformly  to  bundles  of  fiber  tow.  (Licensing         fl 
Opportunity) 
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Other  Items  of  Interest 

0235     System  for  Research  on  Multiple-Arm  Robots — A 
modular  system  provides  flexibility  for  programming 
and  control 

0265     Hidden-Markov-Model  Analysis  of  Telemanipulator 

Data — Forces  and  torques  are  analyzed  by  extension 
of  a  method  previously  applied  to  speech. 

0272  Redundant  Robot  Can  Avoid  Obstacles — Configura- 
tion control  would  exploit  the  extra  degrees  of 
freedom.  (Licensing  Opportunity) 

0273  Viselike  Robotic  Gripper — A  split-rail/roller  bearing 
system  minimizes  both  friction  and  jamming  under 
side  loads. 

0295     Materials  Joining  and  Surfacing  Technologies 

Materials 

0295  Materials  Joining  and  Surfacing  Technologies 

0296  Mullite  Whiskers  &  Mullite-Whisker  Felt  (Licensing 
Opportunity) 

0297  Optical  Protection  from  Lasers  (Licensing  Opportu- 
nity) 

0298  Chemically  Layered  Porous  Solids — Sequences  of 
treatments  impart  desired  properties  to  aerogels  and 
other  porous  materials.  (Licensing  Opportunity) 

0299  Phenylated  Polyimides  With  Greater  Solubility— 
These  polymers  are  made  from  3,6- 
diphenylpyromellitic  dianhydride  and  aromatic 
diamines.  (Licensing  Opportunity) 

0300  Reactive  Fluorescent  Dyes  for  Urethane  Coatings — 
Unlike  prior  fluorescent  dyes,  these  would  not 
outgas. 

Other  Items  of  Interest 

0280  Study  of  Recycled  Plastic  Composites  for  Highway 
Applications 

0284     Sandia  Creates  Center  for  Solder  Science  and 
Technology 

0288  Graphite  Aluminum  Tube  Fabrication 

0289  Advances  in  the  Composite  Workstation 

0294     Vacuum  Powder  Injector — Neat  resin  coats  are 

applied  uniformly  to  bundles  of  fiber  tow.  (Licensing 
Opportunity) 

Medicine  &  Biology 

0301  Chemistry  Behind  Vision  Time-Resolved 

0302  Neural  Networks  for  Hearing 

0303  Calf  Extract  Benefits  Premature  Infants 

0304  Human  Biological  Data  Interchange 

0305  Simian  Retrovirus  Reference  Laboratory 

0306  Design  of  a  Fracture  Plate  Clamp 


Software 

0307     Computer  Models  for  Designing  Functional-Electrical- 


0308 


0309 


Stimulation  Systems  for  Paraplegic  Standing  and 
Walking 

SIMM:  Software  for  Interactive  Musculoskeletal 
Modeling 

Surgery  Simulation;  Computer  Models  to  Study 
Reconstructive  Surgeries 


Testing  &  Instrumentation 

031 0  New  Analytical  Technique  Enhances  Biological 
Studies — Microfluor  Detector 

031 1  Instrument  Measures  Ocular  Counterrolling — A 
compact,  battery-powered,  noninvasive  unit  replaces 
several  pieces  of  equipment  and  an  operator. 

Other  Items  of  Interest 

0227     In  Antibodies,  Bigger  Isn't  Always  Better 

0234     Neural-Network  Control  of  Prosthetic  and  Robotic 
Hands — The  prosthesis  or  robot  could  be  taught  by 
the  user. 

0255     Computer  Program  for  Unsaturated  Flow  Analysis 

0257     Bioprocess  for  Phosphate  Solubilization 

Natural  Resources  Technology  & 
Engineering 

0312  Estimating  Baselines  From  Constrained  Data  on 
GPS  Orbits — Potential  applications  include  measure- 
ments of  seismic  and  volcanic  displacements  and 
movements  of  tectonic  plates. 

Physical  Sciences 

0313  Fermentation  Lactic  Acid 

0314  New  View  of  How  Atoms  Move  on  Surfaces  Discov- 
ered 

0315  Laser  Discrimination  Using  Stimulated  Luminescence 

Testing  &  Instrumentation 

0316  Chemical  Detection  Instrument  Could  Aid  Treaty 
Compliance 

0317  Broadband,  Achromatic  Twyman-Green  Interferom- 
eter— Specimens  can  be  tested  at  wavelengths  from 
ultraviolet  to  infrared. 

0318  Monitoring  Engine  Vibrations  and  Spectrum  of 
Exhaust — Vibration-and  emission-spectrum  'signa- 
tures' indicate  the  condition  of  the  engine. 

Other  Items  of  Interest 

0298     Chemically  Layered  Porous  Solids — Sequences  of 
treatments  impart  desired  properties  to  aerogels  and 
other  porous  materials.  (Licensing  Opportunity) 


April  1 992  Tech  Notes  Title  List 


Physical  Sciences  (Cont.) 

0299  Phenylated  Polyimides  With  Greater  Solubility — 
These  polymers  are  made  from  3,6- 
diphenylpyromellitic  dianhydride  and  aromatic 
diamines.  (Licensing  Opportunity) 

0300  Reactive  Fluorescent  Dyes  for  Urethane  Coatings — 
Unlike  prior  fluorescent  dyes,  these  would  not 
outgas. 

Transportation  &  Components 

0319  Analyzing  Takeoffs  of  Powered-Lift  Aircraft — Engine 
and  nozzle  settings  for  minimum  takeoff  roll  are 
predicted. 

0320  Transonic  Flows  About  a  Fighter  Airplane — Navier- 
Stokes  calculations  simulate  complicated  flow  fields 


Agriculture  &  Food 


0227  In  Antibodies,  Bigger  Isn't  Always  Better 

0228  Bovine  Johnny  Appleseed  Revitalized  Ranges 

0229  Insecticide  Adherence  Triples  With  Soybean  Oil 

0230  Off  to  Market:  A  Stressful  Affair 

0231  Skipping  Preplant  Irrigation  Saves  Water,  Cash 

0232  Pollen  Equipment  For  Forest  Service  Seed  Orchards 


Research  Technology 

Agricultural  Research  Service 

U.S.  Department  of  Agriculture 


In  Antibodies,  Bigger  Isn't  Always  Better 


Like  a  stretch  limo  trying  to  get 
into  a  mini-car  parking  space, 
an  antibody  too  large  to  get 
where  it's  needed  may  handicap  dairy 
cattle  in  their  fight  against  infection. 

ARS  scientists  studying  the  migra- 
tion of  white  blood  cells  into  the 
udders  of  dairy  cows  showed  that 
IgM,  an  important  antibody  circulat- 
ing in  the  blood,  did  not  successfully 
migrate  with  the  white  blood  cells  to 
the  udder  when  infections  or  inflam- 
mation occurred. 

"On  the  other  hand.  IgG,,  another 
antibod) ,  or  immunoglobulin,  staved 
attached  to  the  w  hite  blood  cell,  or 
neutrophil,  and  made  it  through  the 


membranes  surrounding  the  udder  in 
fine  style."  sa\s  Max  J.  Paapc  of 
U.SDA's  Agi-icullural  Research  Ser\  ice. 

Furthermore,  he  says,  "we  found  that 
during  their  journcN  through  the 
membranes,  neutrophils  dcxeloped 
more  antibody  binding  sites.  This  may 
increase  their  ability  to  bind  specific 
antibodies  and  attack  bacterial  invaders." 

Paape.  who  works  at  the  AR.S  Milk 
Secretion  and  Mastitis  Laboratory, 
Belts\  ille.  Maryland,  says  ways  to 
increase  the  binding  of  immunoglobu- 
lins to  neutrophils  in  milk  may  impri)ve 
protection  against  udder  infection. 

Such  infections  cost  dairy  farmers 
$2  billion  annuallv  in  medication  and 
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lost  milk  production. 

In  laboralory  tests.  University  of 
Maryland  graduate  students  Leanne 
Berning  and  Millie  Worku,  who 
worked  with  Paapc,  used  a  chamber 
partitioned  by  a  filter  with  pores  about 
half  the  size  of  the  neutrophils. 

On  one  side  they  placed  a  suspen- 
sion of  neutrophils  thai  had  IgG,  and 
IgM  immunoglobulins  attached  to 
their  surfaces.  On  the  other  side  was  a 
special  mixture  of  fetal  calf  serum  that 
acted  as  an  attractant  to  the  neutrophils. 

After  3  hours  the  neutrophils  that 
migrated  through  the  membrane  were 
examined  in  a  special  cell  sorter.  The 
neutrophils  lost  most  of  the  IgM,  but 
the  IgG,  immunoglobulin  numbers 
were  about  the  same.  Further,  new 
binding  sites  for  IgM  and  IgG, 
appeared  on  the  cell  surface. 

"To  see  if  the  results  could  be 
repeated  in  dairy  cows,  we  placed  an 
irritant  in  their  udders  to  simulate  an 
infection.  Neutrophils  tested  at  the 
site  of  the  bogus  infection  had  also 


lost  their  IgM  immunoglobulin  and 
had  increased  numbers  of  binding 
sites."  says  Paape. 

Paape  speculates  that,  "because  the 
IgM  is  so  much  larger  than  the  other 
molecules,  it  is  rubbed  off  in  the 
rather  small  pores  of  the  membranes 
as  the  neutrophils  squeeze  through." 

Antibodies  circulate  in  the  blood 
and  are  formed  when  the  body's 
immune  system  recognizes  a  "strang- 
er." They  are  instrumental  to  the 
destruction  of  invading  bacteria. 

Paape  says  that  "antibodies  ride 
piggy  back  on  neutrophils.  They  act 
like  antennae  to  locate  the  offending 
bacteria,  which  the  neutrophils  then 
stick  to.  Ultimately,  the  neutrophil 
ingests  the  bacteria  through  a  process 
called  phagocytosis." 


Max  J.  Paapc  and  Millie  Worku 
are  at  the  USDA-ARS  Milk  Secretion 
and  Mastitis  Laboratory,  10300 
Baltimore  Ave.,  Beltsville,  MD  20705- 
2350.   Phone  (301)  344-2302.   ♦ 


Research  Technology 

Agricultural  Research  Service 

U.S.  Department  of  Agriculture 


Bovine  Johnny  Appleseed  Revitalizes  Ranges 


Ranchers  might  someday  use  cattle, 
sheep,  and  goats  to  upgrade  their 
rangeiand — not  by  consuming  undesir- 
able plant  species  but  by  spreading  the 
seeds  of  desirable  plants. 

Scientists  are  enlisting  the  unwitting 
cooperation  of  grazing  steers  to  reseed 
land.  They're  fed  gelatin  capsules  that 
contain  seed  of  the  plants  scientists  want 
to  establish  on  poor-quality  rangeiand. 

"Just  like  the  kind  of  gelatin  capsules 
we  swallow,  these  dissolve  in  the 
stomach.  In  our  case,  medicine  is 
released;  in  the  steers"  case,  seed  is 
released.  Moving  along  with  feed  in  the 
intestinal  tract,  the  seed  is  excreted  with 
manure  2  to  3  days  later,"  says  Agricul- 
tural Research  Service  plant  geneticist 
Jerry  R.  Barrow. 

Depending  on  seed  size,  the  scientists 
filled  the  gelatin  capsules  with  about 
21.000  blue  panicgrass  seeds.  60.000 
alkali  sacaton  seeds,  or  800  fourwing 
saltbush  seeds. 

Barrow  and  range  scientist  Kris  M. 
Havstad  are  learning  how  steers  can  be 
used  to  spread  four  forage  plants  native  to 
the  Southwest.  In  their  study  at  the 
Jornada  E.xpenmental  Range  near  Las 
Cruces.  New  .Mexico,  they  discovered 
that  about  half  of  the  fourwing  saltbush, 
alkali  sacaton.  and  blue  panicgrass  seed 
passed  through  the  steers"  unharmed. 
.Another  grass  seed,  sideoats  grama,  was 
completely  digested. 

"It  uould  be  hard  to  create  a  more 
ideal  growing  environment  for  seed — 50 
percent  germinates.  When  it"s  planted 
this  \\a\.  Its  m  the  middle  of  manure 
droppings  that  contain  moisture  and  all 


the  nutnents  plants  need  to  start  grow- 
ing,"" says  Havstad,  who  is  also  the 
research  leader  for  the  ARS  Range 
Management  Unit  in  Las  Cruces. 

Ranchers  would  feed  capsules  to  their 
cattle,  then  lure  them  to  an  area  that 
needed  reseeding.  The  lure  could  be  a 
temporary  supply  of  water  or  a  salt  block 
that  most  livestock  like  to  lick.  Or  they 
could  feed  cattle,  then  herd  them  to  remote 
sections  of  their  ranches  so  they  arrive  at 
areas  that  need  upgrading  up  to  3  days  later. 

In  this  way,  millions  of  acres  of  public 
and  pnvate  rangeiand  could  be  improved 
by  introducing  more  productive  plants  or 
by  reseeding  plants  that  have  disappeared 
because  of  drought,  past  cultivation,  or 
overgrazing. 

"In  many  areas,  we  can't  use  mechani- 
cal seeding  equipment  because  it  might 
disturb  threatened  or  endangered  plants 
and  animals.  Other  areas  should  not  be 
tampered  with  because  they  are 
archaeologically  important,"  says  Havstad. 

"Our  cattle  graze  areas  so  rough  and 
inaccessible  that  no  conventional  seeding 
equipment  or  technique  could  be  used  to 
improve  the  land,""  says  Barrow. 

Encouraged  by  the  results,  Havstad 
and  Barrow  say  further  research  will 
determine  whether  goats  and  sheep  can 
perform  a  planting  service  as  well. 


Jerry  R.  Barrow  and  Kris  M.  Havstad 
are  at  the  USDA-ARS  Range  Manage- 
ment Unit.  New  Mexico  Slate  University, 
Las  Cruces.  NM  88003-0003.  Phone 

1505)646-4842.    ♦ 
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Insecticide  Adherence  Triples  With  Soybean  Oil 


Oil  and  water  don't  mix.  And  that's 
helpful  when  applying  the  insecticide 
chlorpyrifos  to  corn  to  control  corn 
earworms. 

Mixing  the  insecticide  with  a 
soybean  oil  solution  and  then  injecting 
the  mixture  into  irrigation  water  makes 
it  more  effective  for  controlling 
insects,  says  ARS  chemist  Don 
Wauchope. 

When  applied  this  way  through 
center-pivot  irrigation  systems,  the 
insecticide-oil  mixture  forms  droplets 
in  the  spray  water  that  stick  to  the  corn 
leaves  better. 

Wauchope.  who  is  with  ARS' 
Nematodes,  Weeds,  and  Crops  Research 
Laboratory  in  Tifton,  Georgia,  conducted 
field  tests  on  sweet  com  in  cooperation 
with  ARS  scientists  John  Young,  Luz 


Marti,  and  Harold  Sumner  and  Univer- 
sity of  Georgia  scientist  Richard 
Chalfant.  The  1990  tests  showed  that 
three  times  more  chlorpyrifos  stayed 
on  the  corn  leaves  than  when  the 
standard  water-soluble  formula  of  the 
insecticide  was  injected. 

And  the  chlorpyrifos  broke  down 
just  as  quickly  after  spraying — lasting 
only  4  days  on  foliage  and  2  weeks  on 
the  soil  surface. 

This  method  of  applying  insecti- 
cides is  adaptable  to  many  other 
insecticides  and  crops,  says  Wau- 
chope. 

Don  Wauchope  is  at  the  USDA-ARS 
Nematodes.  Weeds,  and  Crops  Research 
Laboratory.;  P.O.  Box  748.  Tifton.  GA 
31793.  Phone  (912)  386-3892.    ♦ 
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Off  to  Market:  A  Stressful  Affair 


Going  to  market  may  take  a  greater  toll 
on  hogs  than  previously  thought.  Typi- 
cally, it  is  assumed  that  hogs  headed  for 
market  will  lose  3  percent  of  their  weight 
because  of  travel  stresses  and  deprivation 
of  food  and  water  before  shipping. 

But  ARS  researchers  found  the  loss 
may  be  greater,  depending  on  how  long 
the  hogs  are  off  feed  and  water  and  how 
far  they're  transported.  Going  without 
feed  and  water  for  up  to  48  hours  caused 
most  of  the  live  weight  losses — as  much 
as  7  percent — and  more  than  half  of  the 
carcass  weiaht  losses. 


Transport  and  related  activities 
caused  additional  weight  losses  of  up  to 
3  percent.  Scientists  say  the  study's 
findings  provide  useful  information  to 
all  parties  involved  in  the  shipment  of 
slaughter-weight  hogs. 


For  more  infornuiiion.  contact  G. 
LeRoy  Halm  or  John  A.  Nienaber. 
USDA-ARS  Roman  L.  Hniska  U.S.  Meat 
Animal  Research  Center.  P.O.  Bo.x  166. 
Cla\  Center.  NE  68933.   Phone  (402) 
762-4100.    ♦ 
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Skipping  Preplan!  Irrigation  Saves  Water,  Cash 


Sometimes  saving  a  resource  such 
as  underground  water  pays  off — 
immediately  and  in  cash. 

A  4-year  study  has  shown  that 
sorghum  farmers  in  the  Texas  High 
Plains  can  save  about  $4  an  acre  in 
fuel  cost  by  not  turning  on  their 
irrigation  water  before  planting. 

These  farmers  tend  to  heavily 
water  furrow-irrigated  fields  before 
seeding.  This  assures  them  enough 
moisture  for  timely  planting  and 
germination.  This  one  preplant 
irrigation  requires  as  much  as  a  third 
of  the  water  that  will  be  used  for  the 
entire  season,  says  Ron  Allen,  an 
Agricultural  Research  Service 
engineer  at  Bushland,  Texas. 

Allen  found  an  average  10  percent 
yield  gain  with  this  practice,  worth 
$21.85  an  acre. 

But  farmers  have  to  use  S26  worth 
of  natural  gas  to  pump  water  for  the 
preplant  irrigation.  Allen  says.  This 
results  in  a  net  loss  of  $4. 1 5  an  acre  at 
today's  prices. 

Allen  factored  in  all  the  minuses 
and  pluses  in  his  financial  figures. 

One  of  the  minuses  of  skipping  the 
preplant  irrigation  is  that  farmers  may 


have  to  wait  for  rain  before  planting. 
In  2  out  of  4  years,  the  rain  came 
almost  a  month  late. 

"You're  playing  with  probabili- 
ties," he"  says. 

But  a  plus  is  that  the  irrigation 
furrows  don't  have  to  be  built  before 
planting.  Moistening  the  seed  zone  of 
a  flat  surface  should  require  less  rain 
than  for  raised  beds  formed  with  dry 
surface  soil,  he  says.  Also,  rain  from 
an  intense  thunderstorm  tends  to  run 
off  beds  into  furrows. 

There  was  even  some  yield  loss  with 
the  preplant  irrigation  one  year.  This 
was  caused  by  a  nitrogen  deficiency 
from  fertilizer  washed  out  of  reach  of 
crop  roots  by  the  initial  irrigation. 

The  study  also  revealed  that  more 
than  half  of  the  preplant  irrigation 
water  is  lost  to  seepage  and  evapora- 
tion. 


Ron  R.  Allen  and  Jack  T.  Musick 
are  in  Water  Management  Research  at 
the  USDA-ARS  Consen-ation  and 
Production  Research  Laboratorx.  P.O. 
Drawer  10.  Bushland.  TX  790 J 2. 
Phone  (806)  378-5728.    ♦ 
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Pollen  Equipment  For  Forest  Service  Seed  Orchards 

Tony  Jasumback,  Project  Leader 


A  cyclone  dust  collector  that  uses  centrifugal  force  to 
separate  fine  solid  matter  from  the  air  has  successfijily 
collected  pollen  in  Forest  Service  seed  orchards. 
Preliminary  field  tests  have  shown  that  it  can  collect  pollen  in 
the  quantity  needed  with  minimal  damage  to  the  seeds.   Up 
to  four  workers  can  operate  the  cyclone  dust  collector  and 
collect  up  to  6  liters  of  pollen  per  hour. 

Over  25  years  ago,  the  Forest  Service  began  establishing  a 
network  of  genetically  superior  tree  seed  orchards.  Now  that 
these  trees  are  in  the  cone  bearing  stage,  the  problem  of 
protecting  the  genetic  quality  of  the  seed  is  of  prime 
importance.   Fully  40  percent  of  the  seed  now  produced  in 
these  Federal  orchards  is  the  result  of  fertilization  by  pollen 
blown  into  the  orchard  from  outside  sources.  This  "outside" 
pollen  threatens  the  decades  of  work  accomplished  by  tree 
breeders  in  upgrading  seed  quality.   For  this  reason, 
equipment  and  methods  to  control  orchard  pollination  are 
essential  to  Forest  Service  managers. 

In  1989,  the  National  Forest  Regeneration  Committee 
directed  the  Missoula  Technology  and  Development  Center 
(MTDC)  to  investigate  ways  of  developing  orchard  pollen 
collection  and  application  equipment.  This  work  is  being 
done  in  conjunction  with  Don  Copes  of  the  Pacific  Northwest 
Station  in  Corvallis,  Oregon,  and  Floyd  Bridgewater  of  the 
Southeast  Station  at  Raleigh,  North  Carolina. 


Collecting  Pollen  From  Trees 


Pollen  Collection 

Methods  of  collecting  and  disseminating  pollen  have 
traditionally  involved  cutting  male  flowers  (catkins),  drying 
them,  and  then  shaking  the  pollen  grains  from  the  flowers. 
This  pollen  was  then  applied  with  hand-held  applicators  to 
single  or  small  clusters  of  female  flowers.  The  female  strobili 
were  then  covered  with  bags  to  exclude  wind-borne  pollen. 

Orchard  managers  needed  a  method  of  collecting  a  large 
supply  of  pollen  and  an  efficient  means  of  applying  that 
pollen  to  the  female  flowers  on  target  trees  in  a  very  short 
period  of  time.  Geneticists  call  this  "supplemental  mass 
pollination."  It  allows  them  to  protect  the  genetic  quality  of 
the  forming  seed  by  minimizing  the  effects  of  outside  wind- 
blown pollen  and  also  increases  orchard  productivity  by 
assuring  adequate  pollen  supplies  at  the  peak  of  female 
flower  receptivity. 

Various  mass  pollen  collection  techniques  were  tried.  The 
lower  portion  of  a  single  tree  was  enclosed  in  a  canvas- 
covered  catch  frame,  then  the  tree  was  shaken  to  dislodge 
pollen.   In  other  cases  air  was  blown  through  the  tree  and 
the  pollen  collected  on  the  far  side  by  the  enclosure.  With 
these  methods  the  actual  removal  of  the  pollen  from  the 
capturing  fabric  still  posed  problems.   Setting  up  and 
dismantling  the  enclosure  around  each  individual  tree  was 
time-consuming  and  labor  intensive.  Vacuum  equipment 
with  collector  bags  or  similar  separation  methods  also 
proved  ineffective.  The  fine  pollen  grains  quickly  form  a 
thick  blanket  layer  on  the  inside  surface  of  the  bags  and 
block  the  air  passage. 

MTDC  found  the  solution  in  a  cyclone  dust  collector  that 
uses  centrifugal  force  to  separate  fine  solid  matter  from  the 
air.  The  collector  is  ideally  suited  for  pollen  work.   A  Model 
20SN31P  Cyclone  Dust  Collector  manufactured  by  the  Aget 
Manufacturing  Company  of  Adrian,  Michigan,  was  modified 
for  field  operations  with  an  8  hp  gasoline  engine  as  its  power 
source.  This  unit  was  mounted  in  the  bed  of  a  pickup  truck 
and  configured  with  four  collection  hoses.   These  hoses 
were  fitted  with  4  inch  x  14-inch  vacuum  heads  and 
extension  poles  that  allow  an  operator  to  reach 
approximately  25  feet  into  a  tree's  crown.  With  this 
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For  additional  Information  contacf:   Tony  Jasumback.  Project  Leader.  Missoula  Technology  &  Development  Center. 
BIdg.  ].  Fort  Missoula.  Missoula.  MT  5980]   Phone:406-329-3922:  RS:  585-3922:  FAX:  406-329-3719:  DG-T.Jasumback:R01A 
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equipment,  four  workers  can  colled  6  liters  of  pollen  per 
hour.  This  pollen  can  be  easily  cleaned  and  used 
immediately,  or  air-dried  and  freezer-stored  indefinitely. 

The  cyclone  collector  operates  very  effectively  with  Douglas- 
fir  pollen.   However,  species  of  pine,  such  as  sugar,  white, 
and  lodgepole,  have  pollen  grains  with  different 
aerodynamic  characteristics  that  require  minor  modifications 
to  the  collector.  Work  is  continuing  in  an  effort  to  adapt  the 
collection  equipment  to  loblolly  pine.  Additional  tests  will  be 
necessary  to  determine  the  effectiveness  of  the  cyclone  dust 
collector  to  various  other  tree  species. 

Pollen  Application 

This  Spring,  a  tractor-mounted  air  duster  was  tested  as  a 
supplemental  mass  pollen  applicator.  This  duster  utilized  a 
squirrel-cage  type  blower  with  hopper  and  feed  mechanism 
and  operated  from  the  tractor  PTO.    It  was  originally 
designed  as  a  vineyard  duster  for  pesticide  and  fertilizer 
application.   MTDC  modified  the  feed  system  and  blower 
outlet  so  that  the  pollen  expelled  from  the  machine  could  be 
directed  high  into  the  crown  of  orchard  trees.   Evaluation  of 
this  year's  treatment  will  show  the  effectiveness  of  this 
method  of  supplemental  mass  pollination. 

In  FY  1992,  MTDC  will  continue  to  work  with  both  the  Pacific 
Northwest  Station  and  the  Southeastern  Station  to  perfect 
the  cyclone  collector  and  the  orchard  blower  applicator. 
Drawings  and  test  results  will  be  published. 

Questions  may  be  directed  to: 

Tony  Jasumback. 
Proiect  Leader 
(406)329-3922; 
FTS  585-3922 
or  .  ,  ' 

Debbie  O'Rourke,  ,       ■ 

Project  Engineer 
(406)329-3920. 
FTS  585-3920. 
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Pollen  Applicator 
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Computers 


0233  Concocting  the  Ultimate  Beetle-Juice 

0234  Neural-Network  Control  of  Prosthetic  and  Robotic  Hands— The 
prosthesis  or  robot  could  be  taught  by  the  user. 

0235  System  for  Research  on  Multiple-Arm  Robots — A  modular  system 
provides  flexibility  for  programming  and  control. 

0236  Programmable  Maintenance  Processor  for  XAIDS — The  processor 
assists  in  the  testing  of  other  digital  equipment  and  programs. 


Software 

0237  HyperCLIPS— The  HyperCard  and  CLIPS  programs  are  combined  into  a 
program  that  offers  the  advantages  of  both. 

0238  Software  for  Integration  of  EVA  and  Telerot)otics — The  TEJAS  program 
facilitates  discussion,  communication,  and  analysis  in  the  EVA  and 
telerobotics  communities. 


Other  Items  of  Interest 

0244    Flexible  Generation  of  Array- Detector  Timing  Signals — Timing  patterns 
can  be  changed  easily  via  software. 

0264    Fast  Parallel  Computation  of  Manipulator  Inverse  Dynamics — Multilevel 
parallelism  is  exploited  by  an  MIMD-SIMD  special-purpose  parallel 
architecture. 
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Concocting  the  Ultimate  Beetle-Juice 


As  allunng  as  the  scents  of  teiment- 
ing  fruits  may  be  to  dned  fruit  beetles, 
even  more  attractive  are  such  scenLs  when 
mixed  with  chemical  attractants  recently 
synthesized  and  patented  by  Agricultural 
Research  Service  scientists. 

The  "perfume"  put  into  a  custom- 
designed  beetle  trap  could  help  farmers 
and  warehouse  managers  gather  the 
information  they  need  to  make  deci- 
sions on  pesticide  applications. 

Called  aggregation  pheromones.  the 
chemical  attractants  synthesized  by  the 
research  team  are  similar  to  those 
produced  by  a  male  beetle  when  he's 
found  a  food  source.  Coming  from  afar, 
many  female  and  male  beetles,  sensing 
the  pheromones,  join  into  one  big  party 
to  dine  and  mate,  says  entomologist 
Robert  J.  Bartelt  of  the  National  Center 
for  Agncultural  Utilization  Research, 
Peoria,  Illinois. 

Besides  synthesizing  mimic  phero- 
mones of  the  dried  fruit  beetle,  Carpo- 
philus  hemipterus.  Bartelt  and 
entomologist  Patrick  F.  Dowd  patented 
ways  to  make  similar  attractants  for  two 
other  insects  that  feed  on  a  wide  range 
of  food  commodities,  the  Freeman  sap 
beetle,  C.freemani.  and  the  dusky  sap 
beetle,  C  liigiibris. 

Dowd  says  the  pheromones  are  most 
effective  when  mixed  with  host  plant 
volatiles  such  as  odors  of  rotting  fruit  or 
similar  volatiles  from  commercial  sources. 

The  new  inventions  are  being  tested 
by  scientists  of  the  University  of 
California,  Riverside.  Dried  fruit 
beetles  feed  on  many  commodities, 
causing  about  $2.5  million  damage  to 
the  California  fig  crop  alone. 

Besides  damaging  fruit  through 


feeding  and  egg  laying,  the  beetles  may 
carry  such  crop-destroying  diseases  as 
smut,  mold,  and  rot. 

\n  some  recent  years,  California  fig 
growers  have  spent  as  much  as 
$100,000  to  control  the  beetles,  which 
are  an  intermittent  problem.  If  any 
company  licenses  the  synthetic  phero- 
mone.  fruit  growers  could  better 
decide  when  or  whether  to  spray  their 
crops,  says  Bartelt. 

Besides  furnishing  synthetic 
pheromones  to  California  for  testing. 
Bartelt  has  sent  part  of  the  "world's 
supply"  from  Peoria  to  entomologist 
Roger  N.  Williams  of  the  Ohio  Agricul- 
tural Research  and  Development  Center 
(OARDC),  Wooster. 

OARDC  scientists  are  cooperating  in 
experiments  around  the  world.  For 
example,  sap  beetle  numbers  are  being 
monitored  in  stored  cocoa  in  Brazil.  If 
all  goes  well,  cocoa  warehouse  manag- 
ers may  sometimes  be  able  to  cut  down 
on  their  use  of  the  pesticide  aluminum 
phosphide. 

Although  the  traps  seem  most 
promising  as  a  monitoring  tool,  says 
Bartelt,  the  pheromones  may  someday 
be  combined  with  pesticides.  The 
scientists  have  applied  for  a  patent  on 
making  organophosphorus  insecticides 
more  effective  for  sap  beetle  control  by 
mixing  them  with  Carpophihis  phero- 
mones. 

Robert  J.  Bartelt  and  Patrick  F. 
Dowd  are  at  the  USDA-ARS  National 
Center  for  Agricultural  Utilization 
Research,  1815  N.  University  St., 
Peoria.  IL  61604.  Phone  (309)  685- 
4011.    ♦ 
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Neural-Network  Control  of  Prosthetic  and  Robotic  Hands 


Figure  1^  This  Simpli- 
fied Robot  Hand  illus 
trates  the  principle  of 
training  a  neural  network 
by  teaching  it  to  map  a 
relationshipbetween  in- 
crements of  the  joint 
angles  d) ,  through  d)^  and 
the  distances  and  forces 
measured  by  the  prox- 
imity and  force  sensors 


Prosthetic  Hand 


The  prosthesis  or  robot  could  be  taught  by  the  user. 


Electronic  neural  networks  have  been 
proposed  for  use  in  controlling  robotic  and 
prosthetic  hands  and  exoskeletal  or 
glovelike  electromechanical  devices  that 
would  aid  intact  but  nonfunctional  hands. 
The  neural-network  approach  differs  from 
the  conventional  artificial-intelligence  ap- 
proach, which  has  limited  ability  to  achieve 
adaptive,  real-time  anthropomorphic  grasp- 
ing motion. 

Figure  1  helps  to  illustrate  the  develop- 
ment of  a  grasping-motion  algorithm  in  the 
neural-network  approach.  Each  finger  of 
a  robotic  hand  (or  the  prosthetic  equiv- 
alent) would  be  instrumented  with  proximi- 
ty and  grasping-force  sensors  at  various 
positions  along  every  finger  A  neural  net- 
work would  be  used  to  map  a  relationship, 
at  each  increment  of  robot  clock  time,  be- 
tween a  set  of  input  parameters  and  the 
commanded  next  angle  and/or  increment 
of  angle  of  each  joint.  The  input  parame- 
ters would  include  the  distances  be+  .>'een 
the  fingers  and  potential  contact  points  on 
the  object  to  be  grasped  (as  measured  by 
the  proximity  sensors)  and,  once  contact 
has  been  established,  the  force  of  contact 
(as  measured  by  each  force  sensor).  From 
the  contact  forces,  the  joint  angles,  and 
the  known  positions  of  the  force  sensors 
on  the  fingers,  the  grasping  torques  can 
also  be  computed. 

The  neural  network  might  be  taught 
("trained"  in  neural-network  jargon)  with 
the  help  of  an  instrumented  master  pre- 
hensor  that  could  be  commanded  to  act 
like  the  robotic  hand  or  prosthesis  that  the 
neural  network  is  intended  to  control.  This 
prehensor  would  be  commanded  to  grasp 
an  object  by  use  of  the  desired  motions, 
and  the  commanded-joint-angle,  proximi- 
ty, and  force  parameters  would  be  record- 
ed at  each  increment  of  time.  Next,  the 
force  and  proximity  data  would  be  shifted 
back  to  make  them  lag  the  joint-angle  data 
by  one  increment  of  time 

The  resultant  set  of  input  (proximity  and 
force)  and  output  (prediction  of  next  incre- 
ments of  angles  and/or  next  angles)  data 
at  all  increments  of  time  would  constitute 
a  training  set  of  training  patterns  of  data. 
The  training  set  could  include  data  obtained 
by  grasping  more  than  one  object.  The 
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Figure  2.  Myoelectric  Impulses  would  be  used  to  activate  an  electronic  neural  net- 
work, which  would  act  as  a  miniature  brain  that  would  control  a  prosthetic  hand. 


training  set  would  teach  the  neural  network 
to  map  the  cause-and-effect  relationship 
between  the  force  and  proximity  feedback 
and  the  next  desired  change  in  the  angle 
of  each  joint.  Thus,  an  animatable  sequence 
would  be  created,  and  motion  would  be 
learned. 

A  patient  and  a  prosthetic  or  exoskeletal 
device  would  be  trained  together  using  an 
instrumented  master  device  to  establish 
the  desired  motion.  The  proximity,  force, 
and  angle  data  would  be  entered  in  a  soft- 
ware model  of  the  neural  network.  Through 
an  Iterative  procedure,  this  model  of  the 
network  would  be  taught,  and  a  set  of 
weights  of  interconnections  among  the  ar- 
tificial neurons  determined.  Once  trained 
on  a  generic  program,  these  weights  would 


be  stored  in  a  microprocessor  in  the  form 
of  electrical  conductances. 

The  resultant  electronic  neural  network 
would  be  specific  to  the  patient,  who  would 
activate  the  grasping  motion  by  a  voice 
command,  by  a  mechanical  switch,  or 
ideally,  by  myoelectric  impulse  (see  Figure 
2).  The  patient  would  retain  higher-level 
control,  while  the  lower-level  control  pro- 
vided by  the  neural  network  would  be 
analogous  to  that  of  a  miniature  brain.  Fur- 
thermore, during  training,  the  patient  could 
teach  the  miniature  brain  to  perform  spe- 
cialized, anthropomorphic  movements 
unique  to  himself  or  herself. 

This  work  was  done  by  Theresa  M. 
Buckley  of  Johnson  Space  Center. 
MSC-21642/TN 
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System  for  Research  on  Multiple-Arm  Robots 

A  modular  system  provides  flexibility  for  programming  and  control. 


The  Kali  systerr.  of  computer  programs 
and  equipment  provides  an  environment 
for  researcin  on  distributed  programming 
and  distributed  control  of  coordinated-mul- 
tiple-arm robots.  The  Kali  system  is  suit- 
able for  telerobotics  research  involving 
sensing  and  execution  of  low  level  tasks. 
The  software  and  the  configuration  of  the 
hardware  in  Kali  are  designed  to  be  flexi- 
ble so  that  the  system  can  be  modified 
easily  to  test  various  concepts  in  the  con- 
trol and  programming  of  robots,  including 
multiple-arm  control,  redundant-arm  con- 
trol, shared  control,  traded  control,  force 
control,  force/position  hybrid  control,  the 
design  and  integration  of  sensors,  teleop- 
eration,  task-space  description  and  con- 
trol, methods  of  adaptive  control,  control 
of  flexible  arms,  and  human  factors. 

The  initial  Kali  system  will  be  imple- 


mented specifically  for  control  of  multiple 
coordinated  manipulators.  At  the  high  level 
of  the  Kali  system,  a  collection  of  functions 
in  the  C  programming  language  enable  the 
user  to  describe  and  implement  coordi- 
nated motion  of  multiple  manipulators.  At 
the  lower  level  of  the  Kali  system,  proc- 
esses are  distributed  over  multiple  proc- 
essors in  a  VIVlEbus  hardware  environment 
(see  figure). 

The  interface  between  the  user  and  Kali 
is  intended  to  provide  a  software  environ- 
ment in  which  the  user  can,  as  generally 
and  easily  as  possible,  describe  (and 
thereby  cause  the  execution  of)  a  task  that 
requires  the  motion  of  one  or  multiple 
coordinated  arms.  This  is  done  by 
separating  the  description  of  the  task  from 
the  specifics  of  the  underlying  mechanical 
system.  The  user  describes  the  task  in 


task  space;  i.e.,  the  motion  and  forces  of 
a  Cartesian  frame  along  with  task-space 
constraints.  Underlying  constraints  on  the 
mechanical  system  can  be  specified  in- 
dependently from  a  specific  task  and  can 
be  considered  automatically  by  the  Kali 
system,  which  removes  the  burden  of  the 
details  of  the  underlying  mechanical  sys- 
tem from  the  user 

The  dynamical  constraints  of  the  un- 
derlying mechanical  system  are  consid- 
ered in  the  generation  of  trajectories.  The 
limitations  on  the  loads  that  can  be  applied 
to  a  manipulator  can  be  specified,  and  the 
Kali  system  determines  a  trajectory  that 
does  not  require  the  arm  to  produce  forces 
greater  than  the  specified  limits.  This  re- 
quires the  user  to  provide  dynamical  mod- 
els of  all  manipulators  and  objects. 

An  important  feature  of  the  Kali  system 
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Notes: 

1.  "HACS"  means  "fiand-actuator  control  system.' 

2.  "I/O"  means  "input/output," 

3.  "OCS"  means  "operator's  control  station." 
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This  Initial  Proposed  Configuration  of  the  Equipment  in  the  Kali  system  is  one  of  many  possible  configurations. 
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is  its  modular  functionality.  Modularity  sim- 
plifies the  customization  of  software  and 
hardware,  resulting  in  a  convenient  envi- 
ronment for  research  or  customization  for 
a  specific  installation.  Such  software  mod- 
ules as  those  devoted  to  the  generation 
of  trajectories  and  to  servocontrol  have 
defined  functionalities  that  make  it  possi- 


ble to  replace  them  without  altering  other 
parts  of  the  system. 

The  equipment  was  selected  for  sim- 
plicity of  implementation,  speed  of  com- 
putation, and  compatibility  with  advancing 
processor  technology  The  distributed  over- 
all design  of  the  equipment  in  the  Kali 
system  provides  for  parallelization  of  com- 


putations, simplified  integration  of  sensors, 
and  modular  functionality  of  hardware. 
This  work  was  done  by  Paul  G.  Backes, 
Samad  HayatI,  and  Kam  S.  Tso  of 
Caltech,  and  Vincent  Hayward  of  McGill 
University  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-17971/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Teclinology  Transfer  Division,  P.O  Box  8757, 
BWI  Airport,  MD  21240,  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Ames  Research  Center,  Moffett  Field,  California 


Programmable  Maintenance  Processor  for  XAIDS 

The  processor  assists  in  the  testing  of  other  digital  equipment  and  programs. 


The  programmable  maintenance  proc- 
essor (MAI  NT)  is  an  autonomous  one  of 
four  digital  electronic  processors  in  the  ex- 
tended aircraft  interrogation  and  display 
system  PCAIDS).  Intended  to  serve  as  multi- 
processing general-purpose  ground  sup- 
port equipment  for  testing  digital  equip- 
ment and  programs  aboard  aircraft,  the 
XAIDS  has  been  evolving  during  the  past 
decade.  The  MAI  NT  was  developed  in  re- 
sponse to  the  need  for  the  testing  of  sys- 
tem and  application  computer  programs 
as  v^ell  as  for  testing  equipment.  The 
MAINT  has  independent  terminal  and 
printer  interfaces  and  a  dedicated  magnet- 
ic bubble  memory  that  stores  system-test- 
ing sequences  entered  from  the  terminal. 

The  XAIDS  MAINT  is  a  single-circuit- 
board  computer  that  contains  an  8086-2, 
16-bit  microprocessor  operating  at  a  clock 
rate  of  8  MHz.  It  is  configured  with  8  Kbytes 
of  static  random-access  memory,  four 
2732A  programmable  read-only  memories 
(PROM's)  of  16  Kbytes,  and  a  "piggyback" 
magnetic-bubble-memory  module  of  128 
Kbytes.  The  jumpers  of  the  magnetic-bub- 
ble memory  are  configured  for  the  polled 
mode  of  operation  so  that  no  interruptions 
or  direct-memory-access  operations  are 
involved. 

The  serial  interface  for  the  terminal  is 
controlled  by  an  8251A  programmable 
communications  interface  (PCI)  circuit 
chip  on  the  86/05  processor  board.  The 
PCI,  plus  its  interface  driver  and  receiver 
chips,  are  configured  for  full  duplex  RS-232 
in  data-set  mode.  Any  baud  rate  from  110 
to  19,200  can  be  selected  from  software 
using  the  clock-2  output  from  the  8253  pro- 
grammable interval  timer  chip. 

The  printer  interface  is  controlled  by  the 
8255A  programmable  peripheral  interface 
chip  on  the  86/05  board.  Port  A  is  con- 
figured for  output  through  an  8287  driver 
chip  on  the  board  and  controls  the  eight 
printer  data  lines.  Bits  PCO  through  PCS  of 
port  C  are  configured  for  output  through  a 
7408  driver  chip.  Bit  PCO  is  used  to  control 
the  printer-strobe  signal,  while  bit  PCS  is 
used  to  control  the  light-emitting  diode 
mounted  on  the  86/05  board.  Bits  PC4 
through  PC7  of  port  C  are  configured  for  in- 
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The  Programmable  Maintenance  Processor  is  made  of  commercially  available  integrated  cir- 
cuits. 


put  by  use  of  one  SBC-902  terminator  chip 
containing  four  1,000-Q  pullup  resistors.  Bit 
PC4  is  to  used  for  the  "printer  select"  sig- 
nal, bit  PC6  is  used  for  the  "printer  ac- 
knowledge" signal,  and  bit  PC7  is  used  for 
the  "printer  busy"  signal.  Port  B  is  not  used 
but  is  configured  with  two  SBC-902  termi- 
nators. 

The  software  for  MAINT  is  written  in 
PLM86  programming  language  and  is 
broken  into  four  separate  modules:  a  main 
program,  interruption  routines,  line-printer 
routines,  and  magnetic-bubble-memory 
routines.  These  modules  are  separately 
compiled  using  the  COMPACT  and  OPTI- 
MIZE(3)  controls  that  minimize  the  sizes  of 
the  segments  of  the  resulting  code.  The 
four  object  files  produced  by  the  compiler 
are  then  linked  together  and  located  by  use 
of  the  utilities  LINK86  and  LOC86.  The  utili- 
ty LOC86  is  invoked  using  controls  that 
cause  it  to  generate  the  PROM  bootstrap 
instruction,  the  register-initialization  code 
sequence,  and  the  main-program-entry  in- 
struction. Thereafter,  software  for  pro- 
gramming the  PROM'S  is  used  first  to 
create  PROM  files  from  the  L0C86  output, 
and  then  to  program  the  four  2732A 
PROM's  on  a  universal  programmer 


The  major  contribution  of  the  main- 
tenance-processor concept  is  improved 
efficiency  in  testing  of  system  hardware 
and  software.  Experience  to  date  with  the 
magnetic-bubble  memory  indicates  that  it 
has  adequate  speed  and  is  very  reliable, 
making  this  type  of  nonvolatile  memory 
ideally  suited  for  this  application.  The  ability 
to  print  out  screen  displays  selectively  fur- 
ther speeds  testing.  Because  it  is  made  of 
off-the-shelf  commercial  circuitry,  the  proc- 
essor Is  highly  cost-effective.  Although  the 
MAINT  remains  idle  most  of  the  time,  it  is 
nevertheless  invaluable  when  needed 
(usually  on  short  notice)  to  gain  access  to 
bus-mapped  memory  or  other  equipment. 

This  work  was  done  by  Richard  Glover 
of  Ames  Research  Center  Further  Infor- 
mation may  be  found  In  NASA  Tlvl-100406 
[N88-17333],  "Concept  of  a  Program- 
mable Maintenance  Processor  Application 
to  f^ultlprocesslng  Systems." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
Rush  orders  maybe  placed  for  an  extra  fee 
by  calling  (800)  33&4700.  ARC-12164/TN 
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HyperCLIPS 

The  HyperCard  and  CLIPS 
programs  are  combined 
into  a  program  tliat  offers 
the  advantages  of  both. 

The  integration  of  the  CLIPS  connputer 
program  into  the  HyperCard  connputer  pro- 
gram combines  the  intuitive,  interactive 
user  interface  of  the  Macintosh  computer 
with  the  powerful  symbolic  computation 
of  an  expert-system  interpreter.  HyperCard 
provides  an  excellent  programming  en- 
vironment for  quickly  developing  the  front 
end  of  an  application  program  with  but- 
tons, dialogs,  and  pictures,  while  the  CLIPS 
interpreter  provides  a  powerful  inference 
engine  for  the  analysis  and  solution  of  com- 
plicated problems. 

To  understand  the  benefit  of  the  integra- 
tion of  the  HyperCard  and  CUPS  programs, 
consider  the  following:  HyperCard  is  an 
infcrmation-storage-and-retrieval  software 


system  that  exploits  the  graphics  and 
user-interface  capabilities  of  the  Apple 
Macintosh  computer.  The  user  can  easily 
define  buttons,  dialog  boxes,  information 
templates,  pictures,  and  graphical  displays 
through  the  use  of  the  HyperCard  tools 
and  scripting  language. 

What  is  generally  lacking  in  this  pro- 
gramming environment  is  a  powerful 
reasoning  engine  for  the  solution  of  com- 
plicated problems,  and  this  is  where  CLIPS 
plays  a  role.  CLIPS  (C  Language  Integrated 
Production  System)  was  developed  at  the 
Johnson  Space  Center  by  the  Artificial 
Intelligence  Section  for  use  in  developing 
software  systems  for  the  NASA  Mission 
Control  Center.  CLIPS  includes  a  forward- 
chaining  rule  system  with  an  expressive 
syntax  that  allows  free-form  patterns, 
single  and  multifield  variable  bindings 
across  patterns,  and  other  features.  In- 
asmuch as  CLIPS  is  implemented  in  the 
C  language,  it  is  highly  portable.  In  addi- 
tion, it  is  embeddable  as  a  callable  routine 
from   a   program  written   in   another 


language  such  as  Ada  or  FORTRAN.  The 
integration  of  HyperCard  and  CLIPS  makes 
advantages  of  both  packages  available  for 
a  wide  range  of  uses:  rapid  prototyping  of 
knowledge-based  expert-systems  soft- 
ware, interactive  simulations  of  physical 
systems,  and  intelligent  control  of  hyper- 
text processes,  to  name  a  few. 

HyperCLIPS  requires  an  Apple  Macin- 
tosh computer  with  at  least  2  MB  of  ran- 
dom-access memory  Macintosh  system 
6.0.2  or  greater,  and  HyperCard  1.2  or 
greater  For  recompilation,  Macintosh  Pro- 
grammer's Workshop  (MPW)  version  3.0, 
CLIPS  4.3  or  greater,  and  the  MPW  C  com- 
piler are  required.  The  program  was  devel- 
oped in  1989  and  is  written  in  C  language 
and  Pascal.  HyperCLIPS  is  a  copyright- 
ed product  of  the  California  Institute  of 
Technology 

This  program  was  written  ty  Randall  W. 
Hill,  Jn,  and  William  B.  Pickering  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-18087/TN 
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Software  for  Integration  of 
EVA  and  Telerobotics 

The  TEJAS  program  facilitates 
discussion,  commuriication, 
and  analysis  in  the  EVA  and 
telerobotics  comnnunities. 

The  primary  objective  of  space  tele- 
robotics as  a  researcti  discipline  is  ttie 
augmentation  and/or  support  of  extrave- 
hicular activity  (EVA)  with  telerobotic  ac- 
tivity; this  enables  increased  emplacement 
of  on-orbit  assets  while  providing  for  "in 
situ"  management  of  them.  The  develop- 
ment of  the  requisite  telerobot  work  system 
requires  a  well-understood  correspond- 
ence between  EVA  and  telerobotics  that 
to  date  has  been  only  partially  established: 

The  Telerobotics/EVA  Joint  Analysis  Sys- 
tems (TEJAS)  computer  program  is  a  hy- 
permedia information  software  system  that 
uses  object-oriented  programming  to 
bridge  the  gap  between  crew-EVA  and 
telerobotics  activities,  TEJAS  Version  1.0 
contains  20  HyperCard  stacks  that  use 
a  visual,  customizable  interface  of  icon 
buttons,  pop-up  menus,  and  relational 
commands  to  store,  link,  and  standardize 
related  information  about  the  primitives, 
technologies,  tasks,  assumptions,  and 
open  issues  involved  in  space-telerobot 
or  crew-EVA  tasks.  These  stacks  are 
meant  to  be  interactive  and  can  be  used 
with  any  data  base  system  running  on  a 
Macintosh  computer,  including  spread- 


sheets, relational  data  bases,  word- 
processed  documents,  and  hypermedia 
utilities.  The  software  provides  a  means 
for  managing  volumes  of  data  and  for  com- 
municating complex  ideas,  relationships, 
and  processes  inherent  to  planning  tasks. 

The  stack  system  contains  3  (VIB  of  data 
and  utilities  to  aid  reference,  discussion, 
communication,  and  analysis  within  the 
EVA  and  telerobotics  communities.  The  six 
baseline  analysis  stacks  (EVATasks, 
EVAAssume,  EVAIssues,  TeleTasks, 
TeleAssume,  and  Teleissues)  work  interac- 
tively to  manage  and  relate  basic  informa- 
tion about  the  crew-EVA  and  telerobot 
tasks  that  one  enters  and  that  one  wishes 
to  analyze  in  depth.  Analysis  stacks  draw 
on  information  in  the  reference  stacks  as 
part  of  a  rapid  point-and-click  utility  for 
building  scripts  of  specific  task  primitives 
or  for  any  EVA  or  telerobotics  task.  Any  or 
all  of  these  stacks  can  be  completely  in- 
corporated within  other  hypermedia  ap- 
plications, or  they  can  be  referenced  as 
is,  without  requiring  data  to  be  transferred 
into  any  other  data  base. 

TEJAS  is  simple  to  use  and  requires  no 
formal  training.  Some  knowledge  of  Hyper- 
Card is  helpful  but  not  essential.  All  Help 
cards  printed  in  the  TEJAS  User's  Guide 
are  part  of  the  TEJAS  Help  Stack  and  are 
available  from  a  pop-up  menu  any  time 
one  uses  TEJAS.  Specific  stacks  created 
in  TEJAS  can  be  exchanged  between 
groups,  divisions,  companies,  or  centers 
for  complete  communication  of  fundamen- 


tal information  that  forms  the  basis  for 
further  analyses. 

TEJAS  runs  on  any  Apple  f^acintosh 
personal  computer  with  at  least  1  mega- 
byte of  random-access  memory,  a  hard 
disk,  and  HyperCard  1.21  or  a  later  version 
of  HyperCard. 

TEJAS  is  a  copyrighted  product  of  the 
California  Institute  of  Technology  HyperCard 
and  fvlacintosh  are  registered  trademarks 
of  Apple  Computer,  Inc. 

This  program  was  written  by  Michael 
L  Drews.  Jeffrey  H.  Smith,  Jay  M.  Estus, 
Cats  Heneghan.  Wayne  Zimmerman, 
Paolo  Florlnl,  Paul  S.  Schenker  and 
Douglas  A.  McAffee  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory 
NPO-18220/TN 

Jet  Propulsion  Lab. 
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Electrotechnology 


0239  Multiplexed  Noise  Coded  Switching  System  (Licensing  Opportunity) 

0240  Orthogonal  Spread  Spectrum  Time  Division  Multiple  Accessing  Mobile 
Subscriber  Access  System  (Licensing  Opportunity) 

0241  SLS  Reflectance  Modulator  Uses  Popular  Laser  Wavelength  (Licensing 
Opportunity) 

0242  Algorithm  Reveals  Sinusoidal  Component  of  Noisy  Signal — The  product 
of  the  analysis  is  presented  in  easy-to-interpret  graphical  form. 

0243  Edge-Geometry  NbN/MgO/NbN  Tunnel  Junctions — Superconductor/ 
insulator/superconductor  tunnel  junctions  of  high  quality  have  been 
fabricated.  (Licensing  Opportunity) 

0244  Flexible  Generation  of  Array- Detector  Timing  Signals— Timing  patterns 
can  be  changed  easily  via  software. 

0245  lr/lrSi3/Si  Schottky-Barrier  Infrared  Detector— Quantum  efficiency  would 
be  Increased.  (Licensing  Opportunity) 

0246  Low-Noise  Charge-Coupled  Device — The  same  quantity  is  measured 
many  times  to  reduce  the  uncertainty.  (Licensing  Opportunity) 

0247  Si1  -xGex/Si  Infrared  Photodiodes — Cutoff  wavelengths  depend  on  x  and 
can  also  be  adjusted  somewhat  via  reverse  bias. 

0248  Sign-and-Magnitude  Up/Down  Counter — Negative  numbers  are 
indicated  more  directly.  (Licensing  Opportunity) 

0249  Stereoscopic  Configurations  To  Minimize  Distortions — Placement  of 
cameras  and  processing  of  images  can  be  adjusted  to  enhance 
perception  of  depth.  (Licensing  Opportunity) 


Software 

0250  Estimating  Rain  Attenuation  in  Satellite  Communication  Links — 
Attenuation  is  computed  with  the  help  of  a  statistical  nxxlel  arxj 
meteorological  data. 


Testing  &  Instrumentation 

0251  Imaging  Technique  Pinpoints  Upsets  in  Integrated  Circuits 

0252  Electro-Optic  Voltage  Sensor  (Licensing  Opportunity) 

Other  Items  of  Interest 

0253  A  Better  Zinc-Nickel  Oxide  Battery — Longer  cycle  life  arxJ  lower  cost 
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Licensing 

U.S.  Army  Fact  Sheet opportunity 

Army  Communications-Electronics  Command 

Multiplexed  Noise  Coded  Switching  System 


This  concept  provides  a  comiru.ini  cat  i  ons  switching  system  that 
automatically  accoromodates  both  C;.  qital  amd  analog  signals.   The 
switching  -functiDn  oper'ates  with  no  interference  between  any  o-f  the 
i  nput /out  put  lines  wriile  completely  el  i  mi  nat  i  rig  unauthorized 
interception  o-f  messages u   The  primai-y  advantages  at  the  concept  3.r 
that  the  use  o-f  multiplexed  noise  codes  :i,  n  place  of  the  normally 


■::>VM  J.  LU 


used  fr"equency  -filters^  time  gates  or  space  div:;sior 

results  if:  a  system  tfiat  is  in  general  less  comple;-;^  less  bul  kv 

resistant  to  interference,  operates  with  no  crosstal;<  and  prevents 
una u t  h o r  i  z  e d     i  n  t  e r  l;: e p  t  i  o r';  „ 


•J 


STATE  CF  DEVE-:i-OPMEN:T 

possible  use  by  the  United  Sitates  Army. 
APPLICATICNS 

communications  networks,  robotics  ^  rsriiCte  control  of  apparatu 
optical  coiTimuni  cat  i  on  systems. 

PATENT  STATUS 

U = S ■  Patent  Number  4,475=136 


FOR  ADDITIONAL  INFORMATION:  Charles  Grzenda,  Chief,  Office  of  Research  and  Technology  Applications, 
Center  for  C3  Systems,  ATTN:  AMSEL-RD-C3-SD,  Fort  Monmouth,  NJ  07703;  Telephone:  (908)544-3 1 19. 
Refer  to  Application  Assessment  Number  026. 
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Licensing 

U.S.  Army  Fact  Sheet  opportunity 

Army  Communications-Electronics  Command 

Orthogonal  Spread  Spectrum  Time  Division  IVIultiple 
Accessing  l\/lobile  Subscriber  Access  System 

This  CDnc:t?pt  provides  a  very  large  degree  oi    anti  jam  (A/ J)  and  low 
probability  of  intercept  (LPI)  using  a  spread  spectrum  noise  code 
(multiplexed  noise  code)  for  a  mobile  subscriber  access  system  (as  a 
TDMA  system) „   The  A/J  and  LPI  protection  achieved  is  equal  to  the 
number  of  access  channels  or  time  slots  in  the  TDMA  system  and 
correspai-ids  to  i:he  number  of  noise  code  chips  processed.   The 
primary  advantages  arG    t!"iat  random  access  single  channel  call-up  is 
accomplished  using  orthogonal  TDMA  with  no  self  interference  between 
t  l""i  e  !.. I s  e  I--  s  ,   T  i  ■:  i  •:■>  i  s  a  c  hi  j.  e  v  e  d  while  using  perfect  ( 1  o b  e  1  e  s  s  )  noise 
codes  wl-;ich  provides  a  very  large  degree  of  A/J  and  LPI  without 
having  to  increase  the  bandwidth  beyond  that  required  to  accommodate 
the  number  of  available  access  channel Sn   This  results  in  a  vast 
i  n  c  r  e  a  =;■  e  i  n    c  a  |:)  cH  c::  i  t  y  o  v  e  r    n  o  n  -  o  r  t  hi  ogonal  noise  coded  multiple  access 
systems. 

STATE  OF  DEVELOPMENT 


I  ti     \...  u : 


?pt  bias  been  laboratory  proven  and  is  being  considered  far- 


possible  use  by  the  Uniteed  States  Army. 

APPLICATIONS 

The  tei'chnique  has  primary  applications  in  mobile  cellular  telephone 
systems,  wireless  local  ■a.rea    networks,  satellite  communications 
systems  and  personal  comimun  i  cat  i  ons  networks. 

PATENT  STATUS  .  ,  ,  ,    •  ,,  ■    ■  , 

U.S.  Patent  Number  4,301,530 


FOR  ADDITIONAL  INFORMATION:  Charles  Grzenda,  Chief,  Office  of  Research  and  Technology  Applications, 
Center  for  C3  Systems,  ATTN:  AMSEL-RD-C3-SD,  Fori  Monmouth,  NJ  07703;  Telephone  (908)544-3 119.  Refer 
to  Application  Assessment  Number  025. 
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Licensing 
Opportunity 


Technology  Application 


Sandia  National  Laboratory 


SLS  Reflectance  Modulator  Uses  Popular  Laser 
Wavelength 


Usin^  strained  layer  superlattices,  Sandia  National 
Laboratories  scientists  have  constructed  the  first  elec- 
trically controlled  semiconductor  mirrors  that  change 
their  reflectance  for  1.06-micrometer  light.  These 
devices  can  he  used  for  optical  connections  in  comput- 
ers, radars,  remote  site  communications,  and  security 
systems. 

Strained  layer  superlattices  (SLS) — materials 
created  only  in  modern  solid  state  physics  laboratories — 
today  are  finding  their  way  into  optoelectronic  devices 
for  high  technology  applications  ranging  from  very  high- 
speed transistors  to  infrared  detectors  for  night  vision. 

SLS  devices  were  pioneered  at  Sandia  in  the  early 
198()s,  and  this  latest  invention  uses  unique  SLS  [prop- 
erties to  allow  construction  of  optical  reflectors  that 
operate  under  electrical  control  at  a  wavelength  of  1.06 
micrometers,  the  wavelength  used  by  a  common  com- 
mercial laser.  More  important,  the  SLS  techniques  allow 
construction  of  devices  that  can  function  over  a  wide 
range  of  wavelengths,  depending  on  the  intended  appli 
cation. 

The  Sandia  invention  —  called  a  reflectance 
modulator — is  a  compound  semiconductor  device  that 
can  receive  and  reflect  light  waves  generated  from  a 
distant  source.  Electrical  signals  at  the  modulator  (or 
mirror)  impress  information  on  the  reflected  beam, 
allowing  messages  to  be  sent  from  a  remote  location 
using  low  power. 

Sandia's  reflectance  modulators  would  be  particu- 
larly useful  in  any  system  that  benefits  from  locating 
signal  processing  remote  from  transmission  equipment. 
Such  configurations  are  advantageous  to  systems  like 
phased  array  and  synthetic  aperture  radars  since  these 
systems  require  many  different  microwave  signals  to 
locate  images.  Reflectance  modulators  employed  in  each 
of  the  high-power  transmit-receiver  units  can  impress 
the  microwave  information  on  a  laser  signal  for  process- 
ing at  a  common  remote  site. 

But  the  value  of  reflectance  modulators  is  not  lim- 
ited to  elaborate  communications  systems  such  as 
radars.  These  wavelength  modulators  could  facilitate 
smaller-scale  communications  to  remote  sites,  particu- 
larlv   those   located    in    hostile   environments   or   areas 


Sandia  scientist  Allen  Vawter  dennonstrates  how  long- 
wavelength  reflectance  modulator  reflects  and  modulates  a 
laser-generated  signal.  It  is  the  first  electrically  controlled 
semiconductor  device  that  can  change  its  reflectance  for  1.06- 
micrometer  light,  the  wavelength  emitted  by  a  common  laser. 


where  there  are  limited  power  supplies.  Persons  who 
coiild  use  reflectance  modulators  to  communicate 
through  optical  signals  include  news  reporters,  explor- 
ers, astronauts,  and  environmental  specialists. 

Tailoring  wavelength  response 

The  wavelength  for  operation  of  reflectance  modu- 
lators is  determined  by  geoiVietry  and  the  natural  fre- 
quencies of  materials  used  for  fabrication.  Previously, 
reflectance  modulators  had  been  limited  to  operating 
wavelengths  in  a  narrow  band  near  the  870-nanometer 
(0.87  micrometers)  range,  the  gallium  arsenide  wave- 
length. Sandia  scientists  called  upon  their  extensive 
experience  in  growing  multilayer  semiconductor  struc- 
tures through  epitaxial  techniques  to  construct  materi- 
als that  make  it  possible  for  reflectance  modulators  to 
operate  at  LOB  micrometers. 

"To  create  a  reflectance  modulator  that  is  compati- 
ble with  this  popular  photon  source,  we  de\'eloped  a 
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design  methodology  that  allows  the  use  of  lattice- 
mismatched  quantum  wells  in  a  stable  structure,"  says 
Ian  J.  Fritz,  a  member  of  the  team  of  Sandia  scientists 
who  developed  the  reflectance  modulator. 

Fritz  says  the  Sandia  approach  incorporated  both 
thick  non-strained  multilayers  and  thin  strained-layer 
superlattice  active  regions  with  tailorable  bandgaps  to 
create  the  material.  The  design  and  construction  em- 
ployed mismatched  buffer  layers,  dielectric  mirrors,  and 
strained  quantum  well  layers,  all  elements  required  for 
tailoring  specific  wavelength  response. 

Strained-layer  superlattices  were  invented  by  IBM, 
but  their  electrical  and  optical  properties  were  first 
investigated,  developed,  and  used  in  devices  at  Sandia. 
They  consist  of  layers  so  thin  that  the  atoms  of  material 
will  line  up  with  those  of  a  different  material  easily, 
without  causing  defects  such  as  threading  dislocations. 
This  permits  fabrication  of  semiconductor  materials 
with  completely  new  electronic  and  optical  properties. 

The  multilayers  for  the  modulator  were  prepared  by 
computer-controlled  molecular-beam  epitaxy  using  wa- 
fer rotation  during  growth.  Multiple  alternating  thin 
layers  of  indium  gallium  arsenide  and  aluminum  gallium 
arsenide  form  quantum-well  resonators,  which  are  sur- 
rounded by  thicker  layers  of  indium  gallium  arsenide 
and  indium  aluminum  arsenide  that  form  mirrors.  The 
resulting  device,  including  the  reflecting  and  electrical 
elements,  is  in  a  package  that  looks  somewhat  like  a 
wristwatch  battery. 


The  general  design  concept  can  be  used  for  a  variety 
of  applications  of  operating  wavelengths  by  combining 
strained-layer  superlattices  of  different  compositions 
with  the  appropriate  strain-relieved  buffer  layers  and 
mirror  compositions,  Fritz  says. 

The  team  of  Sandians  who  developed  the  reflectance 
modulator  consisted  of  Fritz,  G.  Allen  Vawter,  David  R. 
Myers,  Burrell  E.  Hammons,  and  Thomas  M.  Brennan. 
They  are  members  of  Sandia's  Compound  Semiconduc- 
tor and  Device  Research  Department. 

A  patent  disclosure  for  the  Sandia  reflectance  mod- 
ulator has  been  filed  with  the  U.S.  Department  of 
Energy.  On  September  19  the  modulator  was  recognized 
by  Research  &  Development  magazine  as  one  of  the  "lOO 
most  significant  new  technical  products"  of 
1991.  Technical  Contacts:  Ian  J.  Fritz  (505)  844-7789 
and  David  R.  Myers  (505)  845-9563.  ® 


FOR  ADDITIONAL  INFORMATION 

Public  Information  Division, 

Code  3161, 

Department  of  Energy, 

Sandia  National  Laboratories, 

Albuquerque,  NM  87185-5800 

(505)  844-8066 

Refer  to  announcement  26  No.  10 
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Algorithm  Reveals  Sinusoidal  Component  of  Noisy  Signal 

The  product  of  the  analysis  is  presented  in  easy-to-interpret  graphical  form. 


RANDOM  DISTRIBUTION  WITH  SINQLE  PEAK 


AmplKudA 


DOUBLE'PEAKeO  DISTRIBUTION 


Figure  1 .  These  Statistical  Distributions  are  easily  distinguishable. 
Thus  even  a  non-expert  user  can  examine  the  output  of  the  algorithm 
and  draw  a  preliminary  conclusion  as  to  whether  or  not  a  signal 
contains  a  sinusoidal  component. 


Tlm«  Attsf  Start  o(  Test,  • 
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Figure  2.  The  Raw  Signal  Data  of  the  upper  plot  were  processed  by 
the  algorithm  to  obtain  the  statistical  distribution  of  the  lower  plot. 


An  algorithm  performs  a  'simple  statisti- 
cal analysis  of  a  noisy  signal  to  yield  a  pre- 
liminary indication  of  whether  or  not  the 
signal  contains  a  sinusoidal  component. 
The  algorithm  is  suitable  for  the  preproc- 
essing or  preliminary  analysis  of  vibrations, 
fluctuations  in  pressure,  and  other  signals 
that  include  large  random  components. 
The  algorithm  is  implemented  on  a  per- 
sonal computer  by  an  easy-to-use  program. 

The  success  and  utility  of  the  algorithm 
depend  on  several  assumptions.  One  is 
that  the  signal  has  been  digitized  at  a 
sampling  rate  high  enough  to  capture  any 
sinusoidal  component,  and  preferably  con- 
siderably higher  than  the  frequency  of 
oscillation  of  the  sinusoidal  component. 


The  second  assumption  is  that  the  prob- 
ability distribution  (statistical  frequency  vs. 
amplitude)  of  the  random  (noisy)  compo- 
nent of  the  signal  has  only  one  peak  at  a 
mean  amplitude  (e.g.,  a  Gaussian  distribu- 
tion). The  third  assumption  is  that  only  one 
sinusoidal  or  approximately  sinusoidal  com- 
ponent is  present. 

The  algorithm  begins  by  scanning  all 
the  samples  in  the  time  series  to  identify 
the  maximum  and  minimum  signals.  Then 
it  divides  the  amplitude  interval  between 
the  maximum  and  minimum  signals  into 
subintervals  (statistical  bins),  the  number 
of  which  is  specified  by  the  user  Next,  the 
algorithm  creates  a  crude  probability  dis- 
tribution by  sorting  the  samples  into  bins 


according  to  their  amplitudes.  This 
distribution  is  presented  graphically  as  a 
histogram.  If  many  data  are  available,  the 
histogram  can  be  fairly  fine-grained, 
approaching  a  smooth  probability 
distribution. 

Figure  1  illustrates  how  to  interpret  the 
graphical  output.  If  the  signal  oscillates 
randomly  about  a  single  mean,  then  the 
plot  shows  a  single  (e.g,,  Gaussian)  peak. 
If  a  sinusoidal  component  is  present,  then 
there  are  two  peaks  —  one  at  each  of  the 
two  extremes  of  the  sinusoidal  oscillation. 

Figure  2  illustrates  an  application  to  real 
data.  The  upper  plot  represents  sampled 
measurements  of  pressure  in  the  combus- 
tion chamber  of  a  rocket  engine  during  a 
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test  firing.  The  data  in  the  upper  plot  were  signal  contains  little  or  no  sinusoidal        Marshall  Space  Flight  Center 

processed  by  the  algorithm  to  obtain  the  component  MFS-29688/TN 

lower  plot.  The  lower  plot  has  only  one  This  work  was  done  by  Lloyd  C.  Kwok 

main  peak,  suggesting  that  the  pressure  of   Rockwell    International    Corp.    for 
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Edge-Geometry  NbN/MgO/NbN  Tunnel  Junctions 

Superconductor/insulator/superconductor  tunnel  junctions  of  high  quality  have  been  fabricated. 


Superconductor/insulator/superconduc- 
tor (SIS)  tunnel  junctions  tnave  been  fabri- 
cated witti  base  and  counter  electrodes 
of  NbN  {[he  superconductors)  separated 
by  thin  layers  of  IVIgO  (the  insulator).  SIS 
junctions  are  useful  as  submillimeter-wave 
mixers  and  fast  switches.  To  obtain  a  junc- 
tion resistance  adequate  for  coupling  to 
external  circuitry  (typically  >  50  fi)  and 
adequate  frequency  response  (>  200 
GHz),  it  is  necessary  to  make  a  small 
(area  $1  fxm^)  junction  that  has  a  current- 
vs.-voltage  characteristic  of  high  quality. 
The  use  of  an  edge  geometry  to  define  the 
small  junction  makes  it  possible  to  fab- 
ricate such  a  junction  by  a  process  that 
includes  conventional  photolithography. 

The  figure  illustrates  the  junction  and 
the  fabrication  process.  In  edge-geometry 
fabrication,  the  tunnel  junction  is  formed 
on  the  exposed  edge  of  the  NbN  super- 
conducting film  that  constitutes  the  base 
electrode.  The  junction  is  completed  by 
deposition  and  patterning  of  the  counter- 
electrode.  In  this  geometry,  the  area  of  the 
junction  is  governed  by  the  thickness  of 
the  base  electrode  and  the  width  of  the 
tip  of  the  counterelectrode.  Because  the 
base  electrode  can  easily  be  made  as  thin 
as  about  0,1  fxm  and  the  tip  can  be  made 
as  narrow  as  about  1  ^m  by  conventional 
photolithography,  the  area  of  the  junction 
can  be  made  as  small  as  0.1  fivn^.  One 
subtle  advantage  of  this  geometry  is  that 
it  minimizes  the  current-crowding  effects 
that  can  lead  to  electrode  transitions  in 
high-current-density,  planar-geometry 
junctions. 

The  fabrication  process  begins  with  the 
sputter  deposition  of  the  NbN  base-elec- 
trode layer  to  the  desired  thickness  of 
about  0.1  ^m  on  a  sapphire  substrate.  Dur- 
ing the  deposition  of  NbN,  the  substrate 
is  heated  to  350  to  450  °C  to  promote  the 
formation  of  high-quality  NbN  near  the  sur- 
face of  the  substrate:  this  is  essential  for 
obtaining  an  edge  junction  that  has  low 
subgap  leakage  and  sharp  gap  edges.  An 
aluminum  overlayer  about  0.5  /im  thick  is 
deposited  on  the  base  electrode  to  serve 
as  a  contact.  After  the  aluminum  layer  is 
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This  NbN/MgO/NbN  SIS  tunneling  junction  i 
and  standard  photolithographic  techniques 

patterned,  a  thick,  insulating  layer  of  alu- 
minum oxide  is  deposited  and  patterned; 
this  layer  also  sen/es  as  a  mask  to  pro- 
tect the  underlying  NbN  in  the  next  step. 
A  500-eV  argon-ion  beam  is  used  to  de- 
fine the  edge  of  the  NbN  base  electrode. 
Next,  an  80-to-l50-V  argon-ion  milling  beam 
IS  used  to  remove  surface  damage  from 
the  edge.  The  MgO  tunnel  barrier  (insulat- 
ing layer)  is  deposited  by  radio-frequency- 
magnetron  sputtering.  The  NbN  counter- 
electrode layer  is  then  deposited  by  dc- 
magnetron  sputtering  and  patterned  into 


s  made  small  by  use  of  an  edge  geometry 

the  counterelectrode  by  standard  photo- 
lithography and  reactive-ion  etching. 

Junctions  that  have  areas  from  0.1  to 
0.4  ^m^  have  been  fabricated  by  this 
process.  These  are  the  first  reported  NbN/ 
MgO/NbN  edge  junctions.  The  electrical 
characteristics  of  these  junctions  have 
been  found  to  be  suitable  for  testing  the 
junctions  as  SIS  mixers  at  frequencies 
from  200  to  600  GHz, 

7/7/5  \Nork  was  done  by  Brian  D.  Hunt 
and  Henry  G.  LeDuc  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
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This  invention  is  owned  by  NASA,  and 
a  patent  application  tias  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA  Resident  Office- 
JPL  Refer  to  NPO-17812/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Ulilization 
Officer  Gordon  S 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 


Patent  Counsel 
Paul  F.  McCaul 
M&\\  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 


Technology  Utilization 
l^gr.  for  JPL  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


{ 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport.  I\/ID  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE  ,  ( 


< 


( 


IWNSATech  Bnef 

National  Aeronautics  and 
^  Space  Administration 

W  Goddard  Space  Flight  Center,  Greenbelt,  Maryland 


Flexible  Generation  of  Array-Detector  Timing  Signals 

Timing  patterns  can  be  changed  easily  via  software. 


An  assembly  of  some  custom-made 
electronic  equipment  and  some  multipur- 
pose commercial  electronic  equipment 
commonly  found  in  electronics-develop- 
ment laboratories  facilitates  tfie  generation 
and  modification  of  timing  pattern  signals 
for  the  control  of  array  detectors;  that  is, 
imaging  arrays  of  photodetectors,  (for  ex- 
ample, charge-coupled-device  arrays).  The 
assembly  (see  figure)  is  designed  to  serve 
as  a  flexible  electronic  array-detector-test- 
ing apparatus  that  can  be  configured  via 
softv^are;  timing  patterns  can  be  created, 
stored,  and  changed  easily.  Thus,  the  as- 
sembly can  be  prepared  for  the  experi- 
mental evaluation  of  a  new  detector  design 
in  much  less  time  and  for  less  expense 
than  v/ould  be  necessary  to  construct 
special  circuits  to  generate  all  the  timing 
patterns  to  be  tried  on  the  nev^/  design. 

The  most  important  piece  of  equipment 
in  the  assembly  is  a  commercial  digital 
analysis  system,  which  comprises  a  logic 
analyzer  with  a  pattern-generator  section 
and  a  data-acquisition  section.  The  pattern 
generator  simultaneously  puts  out  a  bit 
pattern  and  executes  one  of  the  instruc- 
tions in  its  set:  "no  operation,"  "go  to," 
"call,"  "return,"  "repeat,"  "hold,"  and  "halt." 
This  enables  the  creation  of  an  algorithm 
that  executes  the  few  basic  detector  op- 
erations the  correct  number  of  times  and 
in  the  correct  order. 

After  the  pattern  generator  bits  have 
been  assigned  to  the  clock  signals  re- 
quired to  operate  the  detector,  the  algo- 
rithm is  created  and  entered  on  the  screen 
of  the  pattern  generator.  The  output  bits 
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from  the  pattern  generator  are  both  sent 
to  an  analog  clock  driver  module  and 
looped  back  to  the  data-acquisition  sec- 
tion of  the  digital-analysis  system  so  that 
the  timing  patterns  can  be  viewed  in  a 
graphic  format. 

The  digital  analysis  system  communi- 
cates via  a  standard  instrumentation  bus 
and  a  plug-in  interface  circuit  card  with  a 
personal  computer.  Application  software 
enables  the  user  to  store  a  complete  de- 
scription of  the  state  of  the  instrumenta- 
tion (including  the  pattern-generator  pro- 
gram) in  compressed  binary  file  format  on 
the  hard  or  floppy  magnetic  storage  disks 
of  the  computer 

The  analog  clock  driver  module,  which 
is  built  in-house,  accepts  the  logic  signals 
from  the  pattern  generator  It  performs  volt- 


age-translating and  buffering  functions  on 
these  signals  so  that  they  can  be  applied 
to  the  detector  under  test.  This  module  can 
drive  as  many  as  32  independent  elec- 
trodes on  the  detector,  with  flexible  con- 
figuration of  the  voltage-translation  levels. 

An  interface  box,  also  built  in-house, 
couples  signals  while  it  provides  electrical 
isolation  (via  optocouplers)  between  the 
digital  analysis  system  and  the  analog 
clock  driver  module.  The  interface  box  also 
serves  as  a  convenient  means  of  assign- 
ing pattern-generator  bits  to  channels  of 
the  analog  clock  driver  module. 

This  work  was  done  by  Jeffrey  W.  Travis 
and  Peter  K.  Shu  of  Goddard  Space 
Flight  Center.  GSC-13345/TN 
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Ir/lrSis/Si  Schottky-Barrier  Infrared  Detector 


Quantum  efficiency  would  be  increased. 


A  proposed  Sclnottl<y-barrier  infrared  de- 
tector would  Inave  a  double  metallic  layer 
of  Ir  and  IrSig  instead  of  a  single  nnetallic 
layer  of  Ir,  IrSi,  or  lrSi3  as  in  previous 
Schottky-barrier  detectors  made  of  Ir  and 
Si.  The  quantum  efficiency  of  the  proposed 
detector  should  be  greater  than  that  of  one 
made  with  a  single  metallic  layer  of  IrSig. 
Many  detectors  of  this  type  could  be  used 
to  form  a  focal-plane  array  that  could  be 
integrated  with  charge-coupled-device- 
addressing  and  image-processing  circuitry. 

Heretofore,  the  attainment  of  reproduci- 
ble Schottky-barrier  heights  (and,  conse- 
quently, reproducible  cutoff  wavelengths) 
has  been  impeded  by  the  formation  of 
mixed  silicide  phases  by  chemical  reac- 
tion between  Ir  and  Si  during  fabrication. 
IrSig,  the  most  stable  of  these  phases, 
yields  a  reproducible  barrier  height  of 
about  0.12  eV  (corresponding  to  a  cutoff 
wavelength  of  about  10 /Am).  Unfortunately 
the  infrared  absorption  in  this  and  the  other 
silicides  is  relatively  low,  so  that  in  a  detec- 
tor made  with  a  single  layer  of  lrSi3,  the 
overall  quantum  efficiency  is  low. 

The  proposed  detector  (see  figure) 
would  offer  the  advantages  of  both  the 
relatively  high  infrared  absorption  in  a  thin 
film  of  Ir  and  the  stability  and  reproducibili- 
ty of  a  layer  of  IrSig  in  contact  with  Si.  Fur- 
thermore, the  IrSig  layer  would  serve  as 
a  barrier  to  chemical  reactions  between 
the  Ir  overlayer  and  the  Si  substrate. 

The  thickness  of  the  lrSi3  layer  would 
lie  approximately  in  the  range  of  2  to  10 
A,  while  the  total  thickness  of  the  IrSig 
and  Ir  layers  would  typically  lie  between 
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The  proposed  Ir/lrSij/Si  Schottky-Barrier  Detector  would  have  a  quantum  effi- 
ciency greater  than  that  of  an  lrSi3/Si  detector.  The  increase  in  quantum  efficiency  would 
be  contributed  by  the  relatively  high  infrared  absorption  of  the  Ir  layer. 


20  and  100  A.  The  IrSig  layer  could  be 
formed  by  deposition  of  Ir  and  Si  in  stoichio- 
metric ratio  in  ultrahigh  vacuum  onto  an 
Si  substrate.  The  Si  substrate  could  be 
heated  during  deposition  as  in  conven- 
tional molecular-beam  epitaxy.  Alternative- 
ly the  substrate  could  be  held  at  room 
temperature  during  deposition,  and  the 
substrate  and  deposited  layers  heated 
subsequently  to  anneal  the  IrSig  (solid- 
phase  epitaxy).  The  Ir  layer  would  then  be 
evaporated  onto  the  IrSig  layer 

An  overlayer  of  metal  other  than  Ir  could 
be  deposited  on  the  IrSig  layer  Preferably 
this  layer  would  be  Pt  or  another  metal  that 
exhibits  high  infrared  absorption. 

This  work  was  done  by  True-Lon  Lin  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

Inquiries  concerning  riglits  for  ttie 
commercial  use  of  this  invention  should 
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LDw-Noise  Charge-Coupled  Device 

The  same  quantity  is  measured  many  times  to  reduce  the  uncertainty 


The  "skipper"  charge-coupled  device 
(GOD)  underlines  the  development  of  a 
new  class  of  innaging  detectors  that  exhib- 
it exceptionally  low  readout  noise.  The  sl<ip- 
per  GOD  operates  on  a  nondestructive- 
readout  scheme  that  can  be  combined 
with  other  advances  in  COD  technology 
to  reduce  the  average  readout  noise  to 
less  than  1  electron  rms.  The  skipper  con- 
cept has  obvious  potential  for  improving 
video  images  made  at  ultra-low  light  levels, 
involving  only  a  few  incoming  photons  per 
picture  element  (pixel). 

For  modern  scientific  CCD's,  read  noise 
originates  within  the  on-chip  amplifier  To- 
day's COD  amplifier  has  been  thoroughly 
optimized  and,  for  all  practical  purposes, 
has  reached  the  theoretical  minimum 
noise  level  of  approximately  2  electrons 
rms.  Conventional  CCD's  destructively 
sample  the  charge  contained  in  a  pixel  on- 
ly once  before  it  is  reset.  With  the  skipper 
CCD  signal,  charge  can  be  sampled  non- 
destructively  as  many  times  as  desired  be- 
fore the  pixel  is  reset.  Multiple  sampling 
allows  the  pixel  samples  to  be  averaged, 
reducing  the  random  noise  by  the  square 
root  of  the  number  of  samples  taken.  For 
example,  if  the  noise  exhibited  by  single 
sampling  is  5  electrons,  collecting  100 
samples  for  each  pixel  will  reduce  the  un- 
certainty in  charge  measurement  to  0.5 
electron. 

Figure  1  illustrates  one  design  using  the 
skipper  concept.  Charge  from  a  pixel  is 
transferred  to  the  right  in  a  CCD  register 
where  it  is  sensed  by  a  floating-gate  am- 
plifier After  the  first  sample  is  taken,  clock 
voltages  on  gates  1  and  2  are  sequenced 
in  such  a  way  that  the  charge  is  transfer- 
red backward  to  the  left  to  gate  1.  Then, 
the  clocks  move  the  charge  packet  for- 
ward again  to  the  floating-gate  amplifier 
where  the  charge  is  sensed  again.  This 
process  is  repeated  many  times  to  reduce 
the  uncertainty  of  charge  measured  to  the 
desired  level.  When  all  the  required  sam- 
ples are  collected,  the  charge  is  sent  for- 
ward via  gates  3  and  4  toward  a  conven- 
tional destructive  amplifier,  where  charge 
can  be  sampled  again  (only  once)  or 
discarded  through  a  reset  amplifier 

Figure  2  illustrates  the  noise-reducing 

capability  of  a  prototype  skipper  CCD  in  re- 
sponse to  four  low-light-level  point  sources. 
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Figure  1 .  In  this  Skipper  CCD  Output  Circuit,  the  packet  of  charge  from  a  picture  element  is 
transferred  a  number  of  times  between  gate  1  (where  it  is  held)  to  the  floating  gate  (where  it  is 
sensed)  before  it  is  finally  transferred  through  gates  3  and  4  to  the  destructive-readout  circuit. 


The  upper  image  is  generated  by  single 
pixel  sampling  and  exhibits  a  read  noise 
of  7.8  electrons.  The  lower  image  is  notice- 
ably clearer  because  64  samples  per  pix- 
el have  been  utilized.  A  readout  noise  of 
less  than  1  electron  is  achieved.  The  fourth 
point  source  from  the  left  is  only  3  elec- 
trons in  size.  Other  skipper  images  have 
been  generated  by  taking  more  samples 
and  have  achieved  noise  levels  of  less 
than  0.5  electron. 

Although  ultra-low  noise  floors  can  be 
achieved  with  this  approach,  the  readout 
time  for  large  pixel  CCD  arrays  can  some- 
times be  excessive  since  multiple  samp- 
ling does  require  time  to  perform.  For 
many  CCD  applications,  ultra-low  noise 
readout  is  not  required  for  the  entire  im- 
age. In  these  cases  the  user  can  readily 
command  the  CCD  to  perform  multiple 
sampling  only  in  those  regions  of  interest 
and  to  skip  through  the  pixels  outside 
these  areas  (hence  the  name  skipper). 

State-of-the-art  skipper  CCD's  are  cur- 
rently in  process  that  will  achieve  still  lower 
noise  levels.  With  these  new  devices,  it 
is  hoped  that  the  single  electrons  can  be 


detected. 

This  work  was  done  by  James  R. 
Janesick  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory 
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Figure  2.  These  Images  of  Four  Points  In  a  Row  were  made  by  a  skipper  CCD.  In  the  upper  image,  made  with  oniy  one  sample 
per  picture  element,  the  noise  makes  it  difficult  to  identify  all  but  one  of  the  points.  In  the  lower  image,  made  with  64  samples 
per  picture  element,  all  four  points  can  be  seen. 
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Sii-xGex/Si  Infrared  Photodiodes 

Cutoff  wavelengths  depend  on  x  and  can  also  be  adjusted  somewhat  via  reverse  bias. 


Sii_^Ge^  pliotodicxies  with  cutoff  wave- 
lengths in  and  beyond  the  practically  im- 
portant range  of  8  to  12  /im  have  been 
made  by  molecular-beam  epitaxy.  Unlike 
prior  long-wavelength  intrared  detectors, 
these  are  compatible  (in  terms  ot  fabrica- 
tion processes)  with  silicon  readout  cir- 
cuitry, exhibit  long-term  stability,  can  be 
manufactured  with  sufficient  uniformity  for 
use  in  focal-plane  arrays;  and  can  operate 
at  temperatures  >  65  K,  for  which  tem- 
peratures small,  portable  refrigerators  are 
available. 

Figure  1  illustrates  the  structure  and 
energy  diagram  of  one  of  the  diodes.  A 
degenerate  layer  of  p"*"  Sii_^Gej^  serves 
as  an  emitter  of  hot  carriers,  while  a 
substrate  of  p-Si  serves  as  the  collector 
Free  carriers  in  the  emitter  absorb  infrared 
photons  and  thereby  become  hot  carriers, 
which  are  subsequently  emitted  over  a 
potential  barrier  into  the  collector  The  po- 
tential barrier  is  the  discontinuity  between 
the  valence  bands  of  Sii_^Gej^  and  Si.  By 
choosing  the  proportion,  x,  of  Ge  in  the 
Si.|_^Gej(  layer,  one  can  choose  the  height 
of  the  barrier,  which  can  range  from  <0.05 
eV  (corresponding  to  a  cutoff  wavelength 
>24.8  /im)  to  >0.7  eV  (corresponding  to 
a  cutoff  wavelength  <1.8  fim). 

The  physical  mechanism  of  photodetec- 
tion  is  partly  similar  to  that  of  a  Schottky- 
barrier  detector,  in  which  photoelectrons 
are  excited  over  a  potential  barrier  from 
initial  states  in  a  metal,  the  energies  of 
which  states  range  to  several  eV  below  the 
Fermi  level.  However,  a  Schottky  barrier 
exhibits  low  quantum  efficiency  because 
those  photoelectrons  that  are  excited  from 
initial  energy  states  below  the  Fermi  level 
have  low  probability  of  being  detected.  In 
the  Si^_j^Ge^Si  detector  carriers  in  the 
emitter  are  excited  from  energy  states 
close  to  the  edge  of  the  valence  band. 
Photoholes  excited  by  photons  of  energy 
greater  than  the  height  of  the  potential  bar- 
rier have  high  probability  of  being  collect- 
ed, provided  that  their  distances  from  the 
barrier  are  less  than  the  mean  free  path 
for  hole/hole  scattering. 

The  photodiodes  were  fabricated  on  p- 
Si(IOO)  substrate  wafers  that  had  resis- 
tivities of  1  to  10  fi-cm.  Each  photodiode 
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Figure  1 .  The 
Photodiode 
Structure,  fab- 
ricated by  mo- 
lecular-beam 
epitaxy,  detects 
long-wavelength 
Infrared  photons 
by  excitation  of 
photoholes  over 
the  potential  bar- 
rier. 


includes  a  p"^  substrate  contact  and  an 
n-doped  guard  ring  around  the  periphery 
of  the  Si^_^Ge^  layer  to  suppress  edge 
leakage.  The  Si.|_^Gej^  layers  were  grown 
in  a  commercial  molecular-beam-epitaxy 
system  with  a  base  pressure  of  3x10~" 
torr  (4x10-9  Pa).  Si^^^Ge^  layers  100  to 
4,000  A  thick,  heavily  doped  with  boron 
(p  +  ),  and  with  x  ranging  from  0.18  to  0.28, 
were  deposited  on  the  substrates  by 
coevaporating  Si  and  Ge  during  molecular- 
beam  epitaxy.  The  growth  temperatures 
range  from  550  to  650  °C.  The  p+  dop- 
ing of  the  Sii_^Gej^  layers  was  achieved 
by  coevaporating  HBOj  during  molecular- 
beam  epitaxy  Aluminum  contacts  were 
deposited  on  the  Sii_j(Gej(  layers  and 
p"^-Si  substrate  contacts. 

The  photodiodes  were  tested  optically, 
and  the  photoresponse  of  a  heterojunction- 
internal-photoemission  (HIP)  detector  with 
a  boron  concentration  of  4x10^°  cm  "^  is 
shown  in  Figure  2.  The  measurement  was 
done  at  20  K  with  -1.5  V  bias.  Quantum 
efficiencies  (QE's)  of  3  to  5  percent  have 
been  achieved  in  the  8-to-12-/im  region. 


By  further  optimizing  the  doping  profile  and 
thickness  of  the  SiGe  layer,  the  QE  of  the 
HIP  detector  can  be  significantly  improved. 
This  work  was  done  by  True-Lon  Lin  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-17950/TN 


— I 1 1 1 — 

Temperature  =  20  K 
Bias  =   -1.5  V 
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Wavelength,  ^m 

Figure  2.  A  Photoresponse  of  a  HIP  De- 
tector is  shown  with  30-nnn  thick  SiGe 
layers  doped  with  a  boron  concentration 
of  4x10^°  cm -3. 
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Sign-and-IVIagnitude  Up/Down  Counter 

Negative  numbers  are  indicated  more  directly. 


An  electronic  up/down  counter  (see  fig- 
ure) puts  out  a  count  signal  in  two  parts: 
a  sign  part  and  a  magnitude  part  tfiat  is 
always  positive.  Therefore,  when  it  counts 
down  from  zero,  its  output  is  more  direct- 
ly readable  and  processable  than  is  the 
output  of  a  conventional  up/down  counter, 
which  puts  out  numbers  in  two's-comple- 
ment  representation  when  its  count  goes 
below  zero.  (The  reading  and/or  further 
processing  of  two's-complement  output  re- 
quires additional  circuitry.) 

When  the  counter  counts  down  from 
zero,  the  magnitude  indicates  a  count  up 
from  zero,  and  a  sign  bit  is  set  to  indicate 
a  negative  value.  When  it  counts  up  from 
a  negative  number  the  magnitude  value 
decreases  toward  zero.  As  it  continues  to 
count  up  from  zero,  the  sign  bit  is  cleared, 
and  the  magnitude  part  rises  from  zero  as 
an  ordinary  positive  number 

The  counter  can  be  implemented  by  pro- 
gramming an  erasable  programmable  logic 
device  (EPLD)  or  a  programmable  logic  ar- 
ray (PLA).  The  EPLD  or  PI7\  can  then  be 
used  in  place  of  a  conventional  up/down 
counter  to  provide  sign  and  magnitude 
values  directly  to  other  circuits. 

This  work  was  done  by  Steven  W.  Cole 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be 
addressed  to 
Edward  Ansell 

Director  of  Patents  and  Licensing 
Mail  Stop  305-6 

California  Institute  of  Technology 
1201  East  California  Boulevard 
Pasadena.  CA  91125  ,  ' 

Refer  to  NPO-17760/TN.  ' 


TheMagnitude-and- 
Sign  Counter  in- 
cludes a  conventional 
up/down  counter  for 
the  magnitude  part 
and  special  addi- 
tional circuitry  for  the 
sign  part. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel 
Paul  F-  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr  for  JPL  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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Stereoscopic  Configurations  To  IVIinimize  Distortions 

Placement  of  cameras  and  processing  of  images  can  be  adjusted  to  enhance  perception  of  depth. 


A  proposed  television  system  would 
provide  two  stereoscopic  displays  (see  fig- 
ure) each  of  which  would  minimize  a  dif- 
ferent subset  of  the  geometric  distortions 
that  appear  in  stereoscopic  views.  The  pro- 
posed system  is  based  on  an  extensive 
theoretical  analysis  of  the  depth  distortions 
of  a  space  viewed  by  stereoscopic  televi- 
sion. Potential  applications  include  indus- 
trial, medical,  and  entertainment  imaging 
and  the  monitoring  and  control  of  telema- 
nipulators,  telerobots,  and  remotely  piloted 
vehicles. 

One  of  the  problems  addressed  by  the 
theoretical  analysis  is  that  of  tradeoffs 
among  maximization  of  depth  and  spatial 
static  resolutions,  minimization  of  static 
depth  distortion,  and  minimization  of  dy- 
namic depth  distortion  caused  by  motion 
of  the  cameras  and/or  the  viewed  object. 
For  example,  in  a  stereoscopic  system  of 
two  cameras  and  one  monitor,  the  cam- 
eras could  be  configured  for  high  reso- 
lution. However,  this  configuration  would 
almost  always  result  in  high  static  and 
dynamic  depth  distortion,  with  consequent 
degradation  of  the  performance  of  a  hu- 
man operator  attempting  to  control  a  tele- 
manipulator  in  the  workspace. 

The  theoretical  analysis  shows,  among 
many  other  things,  that  for  converged  cam- 
eras, the  size  of  the  image  on  the  monitor 
can  be  adjusted  to  minimize  the  dynamic 
depth  distortion.  It  also  shows  that  even 
in  an  image  so  optimized  in  size,  the  ap- 
parent depth  can  be  made  to  vary  linearly 
with  respect  to  real  depth  on  only  three 
planes  in  the  workspace.  These  planes  are 
perpendicular  to  the  line  between  the  ob- 
server's eyes.  For  these  planes,  graphicat 
overlays  are  useful.  The  analysis  also 
shows  that  for  parallel  television  cameras, 
the  size  of  the  image  could  be  adjusted 
to  reduce  the  static  and  dynamic  depth 
distortion  to  zero. 


Alternative  Configuration:  Converged  Television  Camer; 


r-^ 


u 1  \ 


12 


12 


Parallel 

Television 

Cameras 


\ 
\ 
\         I 

/ 


/ 

/    / 
/      / 

/ 


/ 


Tiage- Processing 
Subsystem 


00 


GO 


Television  Monitor 
Showing  Low-Resolution 

Stereoscopic  image  With 

Minimal  Depth  Dislorlion 

Over  a  Large  Region 


Television  Monitor 

Showing  a  High-Resolution 

Stereoscopic  Image  That 

Provides  Accurate  Perceptioi 

of  Deptn  m  a  Small  Region 


The  Two-Camera,  Two-Monitor  television 
system  could  be  used  in  various  camera 
configurations  and  with  stereoscopic  images 
on  the  monitors  magnified  to  various  de- 
grees. The  system  would  be  designed  to 
satisfy  the  observer's  need  to  perceive  spa- 
tial relationships  accurately  (at  the  price  of 
low  resolution)  throughout  a  workspace  or  to 
perceive  them  at  high  resolution  in  a  small 
region  of  the  workspace. 


In  the  proposed  system,  the  configura- 
tion of  the  two  cameras  and  the  sizes  of 
the  images  on  the  two  monitors  would  be 
tailored  to  the  distance  between  the  ob- 
server's eyes,  according  to  the  results  of 
the  analysis.  The  image  data  acquired  by 
the  two  cameras  would  be  used  to  gen- 
erate both  stereoscopic  displays.  Optimal- 
ly the  cameras  would  be  aimed  parallel. 
The  images  on  one  monitor  would  be  op- 
timized for  high  depth  resolution  in  a 
selected  portion  of  the  scene;  the  images 
on  the  other  monitor  would  have  lower 
resolution  but  would  provide  the  viewer 
with  a  true-to-scale  3-D  representation  of 
the  entire  scene;  that  is,  with  no  distortions 
at  all. 

This  work  was  done  by  Daniel  B.  Diner 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel.  NASA's  Resident  Office- 
JPL.  Refer  to  NPO-18028/JN. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer  Gordon  S. 
Cfiapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena.  CA  91109 
(818)  354-4849 
Patent  Counsel 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena.  CA  91109 
(818)  354-2734 
Tecf)nology  Utilization 
f/gr.  for  JPL  Norman 
L  Cfialfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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Estimating  Rain 
Attenuation  in  Satellite 
Communication  Links 

Attenuation  is  computed  with 
the  help  of  a  statistical  model 
and  meteorological  data. 

Tine  frequency  and  intensity  of  rain  at- 
tenuation on  tine  communication  between 
a  satellite  and  an  Earth  terminal  are  im- 
portant factors  in  the  design  of  a  satellite 
communication  link.  The  NASA  Lewis  Re- 
search Center  Satellite  Link  Attenuation 
Model  (SLAM)  program  is  a  QuickBASIC 
computer  program  that  evaluates  the  static 
and  dynamic  statistical  assessment  of  the 
impact  of  rain  attenuation  on  a  communi- 
cation link  established  between  an  Earth 
terminal  and  a  geosynchronous  satellite. 
This  program  will  find  application  in  the 
specification,  design,  and  assessment  of 
satellite  communication  links  for  any  ter- 
minal location  in  the  continental  United 
States.  SI_AM  is  designed  for  use  on  IBM 
personal  computers  and  compatibtes 
with  monitors  capable  of  supporting  an 
80-coiumn  format  and  associated  printers. 

The  basis  for  SU\M  is  the  ACTS  Rain 
Attenuation  Prediction  Model,  which  uses 
a  log-normal  cumulative  probability  dis- 
tribution to  describe  the  random  process 
of  rain  attenuation  on  satellite  links.  The 


derivation  of  the  statistics  for  the  rain-rate 
process  at  the  location  of  interest  relies 
on  long-term  rainfall  records  compiled  by 
the  U.S.  Weather  Service  during  intervals 
as  long  as  55  years.  The  theory  of  extreme- 
value  statistics  is  also  utilized. 

The  information  needed  by  the  user  to 
implement  this  program  is  (1)  the  longitude 
of  the  satellite  in  geosynchronous  orbit,  (2) 
the  position  of  the  Earth  terminal  in  terms 
of  latitude  and  longitude,  (3)  the  height  of 
the  terminal  above  sea  level,  (4)  the  year- 
ly average  rainfall  at  the  terminal  site,  and 
(5)  the  operating  frequency  of  the  com- 
munication link  between  the  satellite  and 
Earth  terminal  (this  frequency  must  be 
within  the  range  from  1  to  1,000  GHz,  in- 
clusive). On  the  basis  of  the  location  of  the 
terminal  (which  can  be  anywhere  within 
the  continental  United  States)  and  the  year- 
ly average  rainfall  at  the  location,  SLAM  cal- 
culates the  relevant  prevailing  rain  sta- 
tistics for  the  site  by  use  of  an  internal  data 
base. 

The  program  then  generates  the  data 
concerning  the  occurrence  of  rain  attenua- 
tion on  the  satellite  link.  These  data  include 

(1)  the  three  parameters  that  are  needed 
to  characterize  the  log-normal  probability 
density  function  that  is  taken  to  describe 
the  static  (i.e.,  yearly)  attenuation  process, 

(2)  an  evaluation  of  the  cumulative  proba- 
bility distribution  that  is  derived  from  such 


a  density  function  for  selected  link  attenua- 
tions, and  (3)  an  evaluation  of  the  probabili- 
ty of  the  occurrence  of  selected  durations 
of  fades  below  selected  fade  depths.  In  ad- 
dition, SLAM  calculates  the  elevation  and 
azimuth  angles  of  the  terminal  antenna  re- 
quired to  establish  a  link  with  the  satellite, 
the  statistical  parameters  that  characterize 
the  rain-rate  process  at  the  terminal  site 
(also  described  as  a  log-normal  process), 
the  length  of  the  propagation  path  within 
the  potential  rain  region,  and  the  projected 
length  of  this  path  onto  the  local  horizon- 
tal. A  user-support  mailing  address  and 
telephone  number  are  given  in  the  accom- 
panying document. 

SLAM  was  implemented  on  an  IBM  PC 
with  the  MS-DOS  3.21  operating  system. 
The  program  is  written  in  Microsoft  Quick- 
BASIC and  has  a  memory  requirement  of 
about  30K  bytes.  An  executable  code  is 
provided.  SLAM  was  developed  in  1989. 

This  program  was  written  by  R.M. 
Manning  of  Lewis  Research  Center. 
LEW-14979/TN 

FOR  ADDITIONAL  INFORMATION 
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112  Barrow  Hall 
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Athens.  GA  30602 

(404)  542-3265 
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Technology  Application 


Sandia  National  Laboratory 


Imaging  Technique  Pinpoints  Upsets  in  Integrated 
Circuits 


Researchers  at  Sandia  National  Laboratories  have 
developed  an  imaging  technique  to  pinpoint  weaknesses 
in  integrated  circuits  caused  by  ionizing  radiation. 

The  technique,  called  single  event  upset  (SEU) 
imaging,  is  so  precise  that  it  can  isolate  malfunctions  in 
single  transistor  components.  Such  detailed  circuit  char- 
acterization could  be  used  to  design  more  reliable  cir- 
cuits for  use  in  satellites  and  equipment  used  in  space. 

Single  event  upsets  are  temporary  but  critical  dis- 
ruptions in  an  integrated  circuit's  memory  cells  resulting 
from  a  collision  with  high-energy  cosmic  rays.  For  exam- 
ple, single  event  upsets  occurring  in  the  Hubble  space 
telescope  are  causing  one  of  the  focusing  circuits  to  lose 
data  on  a  regular  basis. 

As  advances  in  fabrication  technology  result  in  more 
densely  packed  integrated  circuits  and  a  reduction  in 
size,  the  problem  of  radiation-induced  failures  has 
become  more  acute. 

Sandia  researchers  have  applied  ion  microbeam 
techniques  to  the  study  of  radiation-induced  upset  gen- 
eration and  have  produced  micron-resolution  "maps"  of 
where  upsets  occur.  The  maps  are  compared  with  the 
circuit  designer's  blueprint  of  the  chip  to  pinpoint  the 
upset  location. 

"The  goal  of  the  technique  is  to  diagnose  weaknesses 
in  state-of-the-art,  high-performance  integrated  circuits 
so  they  can  be  redesigned  for  greater  radiation  hard- 
ness." says  co-researcher  Kevin  Horn. 

A  direct  measurement 

Until  now,  traditional  whole-chip  radiation  testing 
has  been  used  to  identify  malfunctioning  circuit  ele- 
ments. Their  identity  is  inferred  from  measured  values 
and  complex  calculations.  However,  the  location  of  the 
upsets  cannot  be  precisely  determined  nor  actually 
imaged  as  they  are  with  SEU-imaging. 

"It's  a  direct  measurement,"  says  Barney  Doyle, 
supervisor  of  Sandia's  Ion  Solid-Interactions  Division. 
"The  technique  offers  the  opportunity  to  uncover  a  wide 
range  of  important  and  previously  inaccessible  informa- 
tion about  a  circuit's  radiation  hardness  at  the  individ- 
ual transistor  component  level." 

SEU-imaging  is  an  offshoot  of  nuclear  microscopy. 
Nuclear  microprobes  direct  narrow  ion  beams  at  a  fixed 
point  on  a  target  and  use  a  variety  of  ion  beam  analysis 
methods  to  determine  the  target's  composition.  They 
can  also  be  scanned  across  a  small  area  of  a  sample  to 
generate  a  high-resolution  compositional  map.  For  all  of 


Kevin  Horn,  Fred  Sexton,  and  Barney  Doyle  (left  to  right)  make 
adjustments  to  ion  microbeam  target  chamber,  used  in  single 
event  upset  imaging  of  integrated  circuits. 


the  applications,  the  technique  relies  on  the  behavior  of 
scattered  ions  to  discern  the  composition  of  the  target. 

Irradiates  individual  cells 

Only  certain  circuit  components  or  regions  within 
components,  are  susceptible  to  upset.  Because  the 
microbeam  can  individually  irradiate  a  single  memory 
cell,  transistor,  or  transistor  component  (such  as  tran- 
sistor drains  or  gates),  SEU-imaging  can  be  used  to 
image  upset-prone  microscopic  regions. 

To  conduct  SEU-imaging,  researchers  used  the 
microbeam  facility  at  Sandia's  Tandem  Van  de  Graaff 
accelerator.  They  delivered  a  focused  beam  of  energetic 
ions  to  the  target  integrated  circuit.  After  focusing,  the 
diameter  of  the  ion  beam  on  the  target  is  approximately 
one  micron.  The  circuit  is  connected  to  an  external 
computer,  which  operates  the  chip  during  ion  exposure. 

The  ion  beam  is  scanned  across  the  circuit's  surface 
from  top  to  bottom  by  a  data  acquisition  computer.  Data 
is  recorded  at  64  x  64  points  (4.096  total)  located 
horizontally  and  vertically  on  the  circuit's  surface.  The 
computer  monitors  the  position  of  the  beam  and  the 
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signals  arising  from  that  exposure.  The  incident  ion 
beam  can  give  rise  to  two  signals:  the  emission  of 
electrons  from  the  target  (when  the  ion  strikes  the 
surface)  and  the  generation  of  a  malfunction,  or  upset,  in 
the  target  circuit's  operation  (as  the  ion  penetrates  the 
silicon  chip). 

The  emission  of  electrons  is  recorded  by  a  detector 
mounted  in  the  target  chamber.  The  intensity  of  any 
electron  signals  detected  at  each  of  the  points  is  stored 
in  memory  and  plotted  as  an  electron  image. 

The  occurrence  of  upsets  in  the  circuit  is  detected  by 
the  computer  operating  the  integrated  circuit.  If  a  fault 
is  detected,  a  pulse  is  sent  to  the  data  acquisition 
computer,  which  creates  a  separate  image  of  upset 
locations.  A  comparison  of  this  image  with  the  circuit 
design  mask  provides  detailed  information  about  which 
circuit  elements  are  the  origin  of  the  single  event  upsets. 


The  one-micron  resolution  of  this  technique 
may  have  applications  to  other  radiation-hardness 
characterizations  typically  done  at  the  whole-chip 
level.  Technical  Contacts:  Barney  Doyle  (505)  844- 
2609,  Kevin  Horn  (505)  846-4197,  and  Fred  Sexton 
(505)  846-4575.  IB 


FOR  ADDITIONAL  INFORMATION 

Public  Information  Division, 
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Department  of  Energy, 

Sandia  National  Laboratories, 

Albuquerque,  NM  87185-5800 

(505)  844-8066 
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Naval  Surface  Warfare  Center 


Electro-Optic  Voltage  Sensor 


The  Naval  Surf 
(patent  pending)  fo 
or  magneto-optic  me 
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The  device  employs 
polarized  light  is 
The  response  of  the 
dividing  the  polari 
phase  of  the  second 
its  intensity  by  a 
through  a  second  Po 
half  that  of  the  fi 
recombined,  or  supe 
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ace  Warfare  Center  has  developed  a  device 
r  rapidly  measuring  voltages  by  electro-optic 
ans .   It  provides  a  key  feature  of  exhibiting  a 
r  response  over  much  of  its  operating  range, 
the  Pockels  effect  in  which  the  orientation  of 
alterd  in  direct  response  to  applied  voltages. 

device  is  made  substantially  more  linear  by 
zed  light  into  two  beams  and  retarding  the 

beam  by  one-quarter  wavelength,  attenuating 
factor  of  approximately  four,  and  passing  it 
ckels  cell  having  a  transducer  constant  of  one 
rst  Pockels  cell.   The  two  beams  are  then 
rpositioned,  thus  yielding  a  substantiallly 
r  much  of  the  applied  voltage  range. 


The  degree  of  linearization  is  shown  in  Figure  1.   The  figure 
also  shows  that  the  linearization  process  attenuates  the  intensity 
signal,  however  this  limitation  can  be  overcome  by  using  a  more 
powerful  laser,  or  a  more  sensitive  detector.   An  important  factor 
is  that  this  method  not  only  applies  to  traditional  Pockels  cell 
arrangements,  but  also  to  Faraday  rotators,  and  in  general  any 
electro-optic/magneto-optic  transducer  that  has  a  response 
function  varying  as  the  square  of  the  sine  of  a  stimulus. 


Applied  Stimulus  C*  Transducer  ConsT.anT.5 
_,_  Response  from  Improved  Optical  System 
_»_  Response  from  Traditional  System 

Figure  1.   Transfer  Function  Comparison 

Applications :   Traditional  B-field  and  E-field  probes,  although 
having  a  broad  bandwidth,  are  frequency  dependent  in  response. 
Electro-optic/magneto-optic  transducers  could  be  a  feasible 
replacement  for  these  traditional  probes  where  high  fields  are 
involved.   Such  transducers  do  not  have  a  high  frequency 
dependance  and  have  a  broad  bandwidth  as  well.   Unfortunately, 
today's  electro-optic/magneto-optic  transducers  have  a  limited 
linear  range,  therefore  require  significant  analysis  of  the 
transducer  output  to  obtain  information.   If  the  linear  range  of 
the  transducer  is  increased  by  using  this  method,  such  electro- 
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optic/magneto-optic  transducers  could  find  wide  acceptance  as 
replacemenats  for  present  diagnostics.   High-voltage  and  high- 
current  diagnostics  which  offer  high-bandwidth,  high-impedance  or 
inert  characteristics,  and  significant  linear-range  could  find 
applicability  in  the  power-producing  industry,  as  well  as  many         g 
defense-related  industries  and  research  activities.  ^ 

FOR  ADDITIONAL  INFORMATION:  Ramsey  D.  Johnson,  Code  D4T,  Naval  Surface  Warfare  Center,  10901 
New  Hampshire  Avenue,  Silver  Spring,  MD  20903-5000;  Phone:  (301)394-1505.  Aulovon:  290-1505. 
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0253    A  Better  Zinc-Nickel  Oxide  Battery — Longer  cycle  lite  and  lower  cost 

Other  Items  of  Interest 
0282     Solar  Detox  System 


( 


Technology  Application 


Lawrence  Berkeley  Laboratory 


A  Better  Zinc-Nickel  Oxide  Battery 

Longer  cycle  life  and  lower  cost 


For  many  years  battery 
technologists  have  sought 
to  improve  zinc-nickel 
oxide  battery  Hfetimes 
through  the  use  of  modi- 
fied electrode  and  electro- 
lyte compositions.    The  short 
lifetime  of  the  conventional  zinc- 
nickel  oxide  battery  has  been  the 
primary  factor  limiting  its  commer- 
cial use,  even  though  its  perfor- 
mance attributes  make  it  attractive 
for  portable  power  applications. 
The  problem  is  caused  by  zinc 
active  material  migrating  through- 
out the  cell  (known  as  shape 
change)  eventually  forming  un- 
wanted filamentary  deposits 
(dendrites)  during  recharge, 
resulting  in  rapid  capacity  loss  and 
catastrophic  failure.  LBL's  new 
electrolyte  compositions  virtually 
eliminate  shape  change  and  zinc 
dendrites.   LBL's  electrolytes  have 
been  used  in  sealed,  maintenance- 
free  cells,  which  is  a  very  important 
factor  in  safety,  reliability  and 
consumer  acceptance. 

Conventional  Zinc-Nickel 
Oxide  Cell  Performance 

Average  cell  discharge  voltage  is 
about  1.65  V,  and  the  theoretical 
cell  specific  energ>'  is  326  Wh/kg. 
Manufactured  batteries  exhibit 
specific  energies  in  the  range  of  55- 
85  Wh/kg  (depending  on  cell  and 
battery  design),  peak  specific 
powers  of  170-260  W/kg  (depend- 
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Capacity  vs.  cycle  number  for  a  1 .35-AA  xinc-nickel  oxide  cell  using  a  rxeu}ly 
discovered  electrolyte.   The  cell  was  cycled  at  100%  depth,  of  discharge,  and 
zinc-nickel  oxide  cells  using  standard  (approximately  30  ujt%  aqueous  potas- 
sium hydroxide)  electrolyte  fail  after  about  100  cycles  when  cycled  under  these 
conditions. 


ing  on  the  depth  of  discharge  and 
the  cell  design),  good  low-tempera- 
ture performance  (even  at  0° 
Celsius),  and  moderate  self-dis- 
charge rates  (less  than  0.8%/day). 

LBL'S  Zinc-Nickel  Oxide  Cell 

More  than  500  deep-discharge 
(100%  depth  of  discharge)  cycles 
have  been  reached  using  LBL's 
electrolyte.   Sealed  cells  exhibit  no 
dendrites  and  only  a  modest 
(approx.  30%)  capacity  loss.  The 
specific  power  achievable  with  the 
modified  electrolytes  is  more  than 
adequate  for  demanding  applica- 
tions such  as  electric  vehicles 


(>200  W/kg),  and  is  comparable  to 
values  obtained  with  manufactured 
zinc-nickel  oxide  batteries. 

Highlights 

♦  The  zinc-nickel  oxide  cell  can 
now  be  considered  as  an  environ- 
mentally acceptable  replacement 
for  cadmium-nickel  oxide  cells. 

♦  New  electrolyte  extends  re- 
chargeable zinc-nickel  oxide  cell 
cycle  life  from  approximately  100 
deep-discharge  cycles  to  more 
than  500  deep-discharge  cycles. 

♦  Electrolyte  is  compatible  with 
sealed,  maintenance-free  zinc- 
nickel  oxide  cells. 
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♦  The  zinc-nickel  oxide  cell  has 
higher  voltage,  costs  less,  and  has 
no  memory  effect  compared  to 
the  cadmium-nickel  oxide  cell. 

♦  Estimated  production  costs  range 
from  $100/kWh  to  $300/kWh, 
dependmg  upon  the  electrode 
fabrication  technique. 

Markets 

♦  Electric  vehicles. 

♦  Portable  electric-powered 
devices,  such  as  small  hand-held 
tools,  computers,  and  flashlights. 

♦  Medical  instrumentation,  such  as 
surgical  tools. 

♦  Commercial  communication 
devices,  such  as  portable  phones. 

♦  Defense  technology,  such  as 
power  for  communication 
devices  and  submarines. 

Development  Status 

For  large-scale  application:   Evalu- 
ate and  optimize  the  battery  to 
accommcxlate  LBL's  new  electro- 
lyte— 2-4  years  of  development. 
The  basic  zinc-nickel  oxide  battery 
technology  has  already  been 
developed  for  standard  (aqueous 
potassium  hydroxide)  electrolyte. 
For  electric  vehicle  application: 
Adapt  fiber-metal  and/or  bonded 
nickel  oxide  electrode  technology', 
rather  than  sintered  nickel  oxide 
technology,  to  arrive  at  a  low-cost 
zinc-nickel  oxide  battery. 
For  consumer  application:   De- 
velop zinc-nickel  oxide  battery  by 
adapting  cadmium-nickel  oxide 
battery  technology.  Replace 
cadmium  electrode  with  the  lower- 
cost,  and  environmentally  prefer- 
able, zinc  electrode,  and  substitute 
the  aqueous  potassium  hydroxide 
electrolyte  with  LBL's  novel 
electrolyte — accomplished  by  a 
two-year  development  effort. 

This  invention  arose  in  the  course  ot 
research  supported  bv  the  Assistant 
Secretary'  tor  Conser\'ation  and 


1.35  Ah  Secondary  Zn/NiOOH 

Moderately  Alkaline  Electrolyte 

Sealed,  Starved  Cell 

X-ray  Negatives 


Zn  Electrode 
Before  Cycling 


In  SitaCeU  X-ray 
After  365 100%  DOD  Cycles 


X-ray  photographs  of  the  zinc  electrode  in  a  1.35-Ah  zinc-nickel  oxide  cell  using 
LBL's  Jieu'ly  disco^'ered  electrolyte.   The  left-hand  side  shows  the  uniform 
covering  of  T^nc  oxide  (on  a  metal  mesh  current  coliectorj  on  a  fresh  electrode. 
The  right-hand  side  shows  that  the  zinc  oxide  remains  intact  and  nearly  uniform 
after  365  cvcles,  in  marked  contrast  to  cells  using  a  standard  electrolyte. 


Renewable  Energ\',  Oftice  of  Transpor- 
tation Technologies,  Electric  &.  Hybrid 
Propulsion  Division  of  the  U.S. 
Department  of  Energy'. 

Patent  Status 

A  patent  is  pending  on  these 
inexpensive,  relatively  nontoxic 
electrolytes.  LBL's  novel  family  of 
electrolytes  should  be  useful  for 
extending  the  lifetime  of  any  zinc 
battery.  Thie  Technology'  Transfer 
Office  welcomes  inquiries  regarding 
technical  evaluation  and  licensing 
of  these  exciting  new  electroKtes. 

For  further  information  contact: 

Mark  Owens,  jr. 

Technology  Transfer  Office 

LawTence  Berkeley  Laboratory 

1  Cyclotron  Road 

Mail  Stop  90-1076 

Berkeley,  CA  94720 

(510)486-6463 
Fax:  510/ 486-6457 
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0254  Abandoned  Mine  Lands  TN  #5 

Abandoned  Mine  Detection  Using  Integrated  Geophysical  Methods 

0255  Computer  Program  for  Unsaturated  Flow  Analysis 

0256  Innovative  Roof  Bolt  Support  System 

0257  Bioprocess  for  Phosphate  Solubilization 

0258  Ice  Penetration  System  Makes  Access  Holes  in  Ice  for  Divers  and  Equipment 

0259  Underwater  Blast  Effects  Data  Collected 

0260  Computed  Hypersonic  Flow  About  a  Sharp  Cone — The  laminar-turbulent  transitional  flow  with 
particular  reference  to  heat  transfer  is  studied. 

0261  Computed  Turbulent  Flow  in  a  Turnaround  Duct — Kinetic  energy  of  turbulence  near  the  wall  is 
predicted  accurately. 

0262  Designing  Applications  for  Fasteners — ^This  book  assists  the  engineer  in  the  seemingly  simple — 
but  really  difficult — selection  of  fasteners. 

0263  Digital  Image  Velocimetry — Magnitudes  and  directions  of  velocities  are  determined 
unambiguously. 

0264  Fast  Parallel  Computation  of  Manipulator  Inverse  Dynamics — Multilevel  parallelism  is  exploited 
by  an  MIMD-SIMD  special-purpose  parallel  architecture. 

0265  Hidden-Markov-Model  Analysis  of  Telemanipulator  Data — Forces  and  torques  are  analyzed  by 
extension  of  a  method  previously  applied  to  speech. 

0266  Hydrodynamic  Skin  Friction  Polymers  and  Riblets  Reduce — Polymers  injected  into  riblet 
grooves  could  dramatically  reduce  the  polymer  flow  rate  required  for  drag  reduction.  (Licensing 
Opportunity) 

0267  Navier-Stokes  Simulation  of  Wind-Tunnel  Flow — Numerical  Integration  is  performed  by  the  LU- 
ADI  factorization  algorithm. 

0268  Particle-in-Cell  Simulation  of  Explosive  Flow — A  cell  can  contain  more  than  one  material. 

0269  Pressure  Fluctuations  in  Simulated  Turbulent  Channel  Flow — Statistical  analysis  of  data  shows 
significant  trends. 

0270  Spectral  Method  for  Simulation  of  Vortex  Rings — Computations  yield  accurate  results  for  tong 
times. 

0271  Speeding  Convergence  in  Simulations  of  Hypersonic  Flow — A  Richardson-type  overrelaxation 
method  is  applied. 

0272  Redundant  Robot  Can  Avoid  Obstacles — Configuration  control  would  exploit  the  extra  degrees 
of  freedom.  (Licensing  Opportunity) 

0273  Viselike  Robotic  Gripper — A  split-rail/roller  bearing  system  minimizes  both  friction  and  jamming 
under  side  loads. 

Software 

0274  Analyzing  Control/Structure  Interactions — CO-ST-IN  works  in  conjunction  with  other  programs  to 
enhance  analysis  of  vibrations. 

0275  Decomposing  Systems  Into  Subsystems  for  Design — Interactions  among  systems  are  displayed 
in  a  concise  format.  (Licensing  Opportunity) 

0276  Grasping-Force  Sensor  for  Robot  Hand — Claws  remain  aligned  during  grasping.  (Licensing 
Opportunity) 

Software 

0277  Improved  Panel-Method/Potential-Flow  Code — The  size  of  the  program  can  be  adapted  to  the 
capacity  of  the  computer. 

Testing  &  Instrumentation 

0278  Adjustable  Support  for  Instrument  Package — A  structure  can  be  adapted  to  a  variety  of 
configurations. 

0279  Detection  of  Motion  With  a  Phase-Conjugate  Mirror — A  photorefractive  image-processing 
apparatus  acts  as  a  novelty  filter.  (Licensing  Oppxjrtunity) 

Other  Items  of  Interest 

0292      Expert  System  for  Heat  Exchanger — Diagnosis  is  simplified  for  non-engineers. 


New  Technology  from  the 
U.S.  Bureau  of  Mines 

A      U.S.  Department  of  the  Interior 


Abandoned  Mine  Lands  TN  #5 

Abandoned  Mine  Detection  Using  Integrated 

Geophysical  Methods 


Objective 


Detect  hazards  associated  with  abandoned  mine 
openings  through  the  use  of  integrated  geophysical 
technology. 


Background 

Many  abandoned  mines  in  the  U.S.  present  hazards  to 
the  public.  The  first  step  in  abatement  of  these  hazards 
usually  requires  locating  the  abandoned  workings.  Recent 
Colorado  legislation  resulted  in  a  concerted  effort  aimed 
at  mitigating  the  hazards  associated  with  abandoned  mine 
workings.  The  Colorado  Department  of  Natural 
Resources-Mine  Land  Reclamation  Division  (CDNR- 
MLRD)  is  responsible  for  locating  and  backfilling 
abandoned  mine  openings  such  as  shafts,  adits  and 
collapsed  features.  Many  shafts  and  adits  can  be  located 
by  inspection,  other  openings  give  little  or  no  surface 
expression  and  must  be  located  by  drilling,  or  through  the 
use  of  geophysical  methods. 

A  common  method  used  for  locating  underground  mine 


workings  is  to  drill  throughout  the  suspected  area. 
However,  it  is  prohibitively  expensive  to  drill  holes  at  the 
spacing  needed  to  detect  backfilled  shafts  and  small  voids 
associated  with  caving  and/or  chimneying.  It  may  also  be 
dangerous  to  move  heavy  equipment  over  shallow  mincd- 
out  workings.  Geophysical  investigations  that  employ  only 
a  single  method  have  had  mixed  success  in  detecting 
hazardous  abandoned  mine  land  cavities. 

In  cooperation  wlh  CDNR-MLRD,  the  Bureau  of 
Mines  selected  the  Canon  Imperial  abandoned  coal  mine 
site,  located  approximately  3  miles  southwest  of  Florence, 
CO,  to  test  an  integrated  geophysical  approach  to 
abandoned  mine  detection.  These  mine  workings  were 
developed  during  the  mid  1800's,  with  the  main  sloping 
entry  following  the  dip  of  the  coal  seam.  The  normal 
mode  of  operation  was  to  drift  out  from  the  haulage  way 
removing  only  the  "good"  coal.  If  the  coal  appeared  to  be 
of  good  quality,  rooms  then  were  then  excavated.  The 
caving  and  subsidence  associated  with  these  abandoned 
workings  prevents  reclamation  activities  using  heavy 
surface  equipment.  A  geophysical  approach  was  needed 
for  locating  abandoned  mine  workings  and  presented  an 
opportunity  for  the  Bureau  to  investigate  an  integrated 
geophysical  approach  to  the  problem. 


Schlumberger 
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Pole  -  Dipole 
Dipole  -  Dipole 

The  various  electrode  configurations  used  to  obtain  resistivity  data  at  the  Canon  Imperial  study  site. 
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Approach 

In  an  effort  aimed  at  mitigating  a  broad  range  of 
problems  common  to  shallow  coal  mine  workings,  the 
Bureau,  in  cooperation  with  the  CDNR-MLRD,  conducted 
an  integrated  geophysical  approach  using  complementary 
geophysical  methods  to  more  accurately  detect  and 
delineate  abandoned  mine  openings  and  associated 
hazards.  The  combination  of  ground  penetrating  radar 
(GPR),  dipole-dipole  and  pole-dipole  resistivity 
configurations,  and  microgravity  was  used  for  locating  the 
position  of  a  known  open  and  backfilled  haulageway  and 
a  chimneyed  drift.  Since  computer  modeling  of  the  site 
indicated  that  only  a  relatively  poor  penetration  depth  of 
approximately  2  m  could  be  achieved  in  the  highly 
conductive  coal  mine  environment,  GPR  was  eliminated  as 
a  plausible  geophysical  field  method.  Hence,  at  this  site, 
the  integrated  geophysical  approach  included  a  combina- 
tion of  resistivity  and  microgravity. 

How  It  Works 

The  integrated  geophysical  approach  is  recommended 
in  the  initial  phase  in  the  detection  and  delineation  of 
abandoned  mine  sites  so  that  remedial  measures  may  be 
safely  undertaken  to  mitigate  these  hazards.  The  com- 
bination of  microgravity,  pole-dipole  and  dipole-dipole 
resistivity  techniques  were  used  to  corroborate  inter- 
pretations of  an  open  and  backfilled  haulage  way  and  a 
chimneyed  drift.  Multiple  geophysical  methods  provide 
the  necessary  interpretive  constraints  for  accurate  location 
of  abandoned  mines  and  related  features. 

The  gravity  surveying  involved  the  measurement  of 
variations  in  the  gravitational  field  of  the  earth  which 
varies  over  the  surface  of  the  earth  depending  on  topog- 
raphy, elevation,  latitudinal  position,  earth  tides,  and 
subsurface  density.  In  cavity  detection,  a  negative  density 
contrast  can  be  expected  due  to  the  mass  deficit  associated 
with  an  open  space.  Under  ideal  conditions,  the  gravita- 
tional field  can  be  measured  to  a  precision  of  1  part  in  one 
billion.  This  magnitude  of  precision  is  required  in  effec- 
tive mine  mapping,  since  the  targets  are  often  very  small. 


resulting  in  subtle  gravity  anomalies. 

Measuring  the  earth  electrical  resistivity  (reciprocal  of 
conductivity)  is  similar  to  determining  the  resistance  in  a 
circuit,  except  that  the  spacing  between  electrodes  is  taken 
into  account.  A  conventional  operation  requires  four 
electrodes.  Two  electrodes  introduce  direct  current  into 
the  subsurface,  while  the  other  two  measure  the  resulting 
voltage.  The  recorded  voltage,  amperage,  and  spacing 
associated  with  the  electrode  configuration  are  then  used 
to  calculate  an  apparent  resistivity  based  on  an  appropriate 
mathematical  expression.  An  air-filled  cavity  produces  a 
positive  resistivity  contrast,  since  the  resistance  of  air  is 
infinitely  high.  Conversely,  a  water-filled  cavity  may  pro- 
duce a  negative  anomaly  depending  of  the  amount  of  dis- 
solved solids  in  the  water  as  compared  to  the  amount  of 
dissolved  solids  in  the  fluids  in  the  host  rock.  The 
combination  of  caving  and/or  backfilling,  i.e.  the  degree  of 
disruption,  results  in  less  pronounced  resistivity  changes. 

For  More  Information 

Use  of  the  GPR  and  inductive  electromagnetic  methods 
for  detecting  shallow  abandoned  workings  in  low  conduc- 
tive settings  is  described  in  RI  9303,  "Electromagnetic 
Investigation  of  Abandoned  Mines  in  the  Galena,  KS 
Area."  The  integrated  geophysical  approach  to  abandoned 
mine  detection  is  described  in  the  paper  "Integrated 
Geophysical  Approach  to  Abandoned  Mine  Detection," 
presented  at  the  12th  Annual  National  Abandoned  Mine 
Land  Program  (NAAMLP)  Conference,  Breckenridge, 
Colorado,  September  16-20,  1990,  and  published  in  the 
proceedings. 

For  additional  information  or  copies  of  the  publication, 
contact  the  principal  investigators: 

Michael  J.  Friedel,  or  Jay  C.  Hanson 

Twin  Cities  Research  Center 

U.S.  Bureau  of  Mines 

5629  Minnehaha  Avenue  South 

Minneapolis,  MN   55417-3099 

(612-725-4500) 
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Computer  Program  for  Unsaturated  Flow  Analysis 


Objective 

Analyze  variably  saturated  flow  in  mining  and  other 
environmentally  sensitive  settings  through  the  use  of 
personal  computer  (PC)  based  software. 

The  Problem 

There  is  an  increasing  need  for  mining  companies  to 
quantify  water  contaminants  and  their  migration  in  the 
unsaturated  zone.  New  and  innovative  computer  models 
are  therefore  necessary  to  more  accurately  assess  the 
potential  impact  of  mining  activities  on  groundwater 
resources  and  the  environment.  Applications  for  unsat- 
urated flow  modeling  include  (1)  assessment  of  the  impact 
of  surface  or  underground  extraction  mining  on  flow  con- 
ditions; (2)  assessment  of  various  hydrologic  designs  for 
resource  recovery,  such  as  in  heap  leaching  or  in  situ  leach 
mining;  (3)  assessment  of  the  transport  of  conservative 
nonrcactivc  constituents  in  response  to  migration  from 
spoil  piles,  or  acid  mine  drainage;  and  (4)  assessment  of 
any  combination  of  the  above  to  facilitate  expeditious 
permitting  for  mining  operations. 

Since  the  mid  1970's  there  has  been  a  proliferation  of 
mathematical  models  and  procedures  for  solving  unsatu- 
rated flow  problems;  however,  few  of  these  approaches 
have  been  integrated  into  software  for  public  use.  Com- 
mercially available  unsaturated  flow  software  models 
typically  are  limited  to  a  single  application  and  have 
restricted  approaches.  For  example,  computer  codes  that 
solve  the  unsaturated  flow  problem  based  on  an  analytic 
expression  arc  restricted  to  a  simple  geometric  shape, 
homogeneous  and  isotropic  materials,  and  provide  only 
information  regarding  pressure  and  flow  conditions  in 
specified  wells.  The  variably  saturated  computer  codes 
that  take  advantage  of  the  Unite  difference  or  fmitc 
clement  approach  are  often  restricted  to  either  steady  state 
or  transient  solutions;  utilize  one  specific  moisture- 
retention  relationship  and  moisture-dependent  permeabil- 
ity function;  do  not  account  for  hysteresis;  and  are  used 
with  specific  hardware  such  as  a  mainframe  or  work  sta- 
tion. This  restricts  their  use  because  they  arc  hard  to 
interface,    and    are    often    poorly    documented,    support 


dependent,  and  expensive.  The  mining  community  needs 
a  nexiblc,  more  broadly  based,  variably  saturated  fluid  fiow 
simulator  for  the  PC-platform  to  more  accurately  predict 
Huid  moN'cnient  m  the  mining  environment. 


Approach 

Bureau  research  developed  TWOD,  a  comprehensive, 
two-dimensional,  finite  element,  unsaturated  fluid  How 
simulator.  TWOD's  unique  fiexibility  in  spatial  and 
temporal  parameters,  material  properties,  and  boundary 
conditions  allows  users  to  assess  the  potential  impact  of 
fiuid  fiow  in  a  variably  saturated  domain.  The  software 
code  is  provided  with  sample  mining  problems  as  an 
instructional  tool  for  ease  of  use  by  technical  and  non- 
technical personnel.  This  software  provides  an  inex- 
pensive and  convenient,  yet  comprehensive  tool  for  the 
hydrologist,  engineer  or  researcher  performing  Huid  fiow 
studies  in  mining  and  environmenta]  operations. 


How  It  Works 

TWOD  consists  of  nonproprietary  code  for  analysis  of 
flow  under  variably  saturated  conditions.  It  is  written  for 
IBM  compatible  PC's  in  FORTRAN  77  language.  The 
program  consists  of  several  modules  that  can  be  used  to 
solve  the  transient  or  steady  state  variably  saturated  fiow 
problem  in  either  a  vertical  or  horizontal  plane,  hetero- 
geneous, and  anisotropic  porous  media  using  the  Galerkin 
finite  element  approach.  Simplex  triangular  elements  arc 
used,  with  moisture  retention  characteristics  described  by 
specifying  either  the  Brooks  &  Corey,  Brutsaert,  or  Van 
Genuchtcn  power  functions.  Hysteresis  is  described  using 
the  Maulem  model.  Boundary  conditions  may  include  any 
combination  of  time  varying  seepage  or  pressure  along 
solution    domain    boundaries    and/or    at    internal    node 
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points;  unit  hydraulic  gradient  at  the  lower  boundary;  and 
a  uniform  source  and/or  sink. 

The  program  is  documented  in  detail  in  the  Bu- 
reau Information  Circular  (IC)  9296,  entitled,  "TWOD; 
Two-Dimensional  Finite-Element  Analysis  of  Variably 
Saturated  Flow."  The  IC  describes  the  theory,  finite  ele- 
ment formulation,  and  code.  User's  instructions  a^e 
provided  for  the  implementation  of  TWOD  in  various 
hydrologic  and  mining  problems.  Several  example 
problems  are  included. 

For  More  Information 

For  a  free  single  copy  of  IC  9296,  write  to  the  Bureau's 


Publication  Distribution  Section,  Building  149,  P.O.  Box 
18070,  Cochrans  Mill  Road,  Pittsburgh,  PA  15236-0070. 

Source  and  executable  codes  in  FORTRAN  are 
available  from  the  principal  investigator  listed  below. 
Requests  for  the  software  package  should  reference  this 
article  and  include  a  high  density  IBM  PC  or  compatible 
5-1/4  or  3-1/2-inch  diskette.  Additional  information  may 
be  obtained  by  contacting: 

M.  J.  Friedcl 

Tv/in  Cities  Research  Center 

U.S.  Bureau  of  Mines 
5629  Minnehaha  Avenue  South 
Minneapolis,  MN  55417-3099 
(612-725-4500)  ,       ^       .. 


New  Technology  from  the 
U.S.  Bureau  of  Mines 

0  U.S.  Department  of  the  Interior 


Innovative  Roof  Bolt  Support  System 


Resin-grouted  roof  bolls  are  one  of  the 
most  common  forms  of  ground  support 
in  U.S.  underground  coal  mines. 
These  support  systems  can  be  installed 
with  a  full  column  of  grout  and  be 
loaded  with  subsequent  roof  move- 
ments after  installation.  This  is  called 
a  "passive"  support  system.  An  alter- 
native to  the  passive  support  system  is 
the  mechanically  anchored,  tcnsioncd 
roof  bolt  system.  This  system  is  in- 
stalled with  resin  grout.  This  "active" 
support  system  is  designed  to  load  or 
tension  the  support  during  installation 
by  using  a  mechanical  anchor,  cou- 
pling, or  threaded  nut  after  the  resin 
has  properly  cured. 

To  ensure  that  active  bolts  have  been 
properly  installed,  the  bolt  loads  must 
be  checked  by  using  a  torque  wrench 
or  other  suitable  equipment.  Unfor- 
tunately, this  practice  presents  poten- 
tial safety  hazards  and  has  limited  ac- 
curacy. Variations  in  bolt  load  instal- 
lations can  induce  stress  concentra- 
tions and  lead  to  roof  degradation  or 
failure. 

To  alleviate  problems  associated  with 
tensionable  "active"  bolt  installations, 
the  Bureau  of  Mines  has  developed  a 
support  system  that  is  independent  of 
mechanical  tensioning  devices  subject 
to  frictional  losses  and  system  bleed- 
off. 

The  Bureau-developed  support  system 
utilizes  resin-grouted  rebar  bolts  in- 
stalled in  such  a  manner  that  the  sys- 


tem becomes  "active"  immediately 
upon  insertion.  The  system  requires 
minor  boiler  modifications,  special 
bolt  installation  stingers,  and  a 
calibrated  load  cell.  The  roof  bolt 
machine  is  modified  by  installing  a 
valve  that  permits  10,000  lb  of  upward 
force  to  be  developed  at  the  installa- 
tion head,  on  demand,  through  the 
operation  console.  The  stingers  were 
designed  to  withstand  enormous 
repetitious  axial  and  bending  loads 
generated  between  the  installation 
head  and  the  roof  boll.  The  calibrated 
load  cell  is  utilized  to  calibrate  the  up- 
ward thrust  to  any  desired  level  prior 
to  support  installation. 

Laboratory  testing  and  massive  under- 
ground tests  at  sites  in  room-and-pillar 
and  longwall  gateroads  have 
demonstrated  that  this  method  is 
capable  of  installing  bolts  under 
uniform  tensions  equivalent  to  levels  as 
high  as  300  ft-lb  of  torque.  The  test 
site  support  systems  were  subjected  to 
adverse  underground  conditions  such 
as  high  levels  of  pillar  sloughage,  floor 
heave,  and  stress  concentrations  from 
an  adjacent  full-extraction  pillar  sec- 
tion. The  support  systems  maintained 
the  immediate  roof,  and  no  indications 
of  strata  separation  or  excessive 
deterioration  were  measured. 

For  more  information  regarding  this 
development,  or  for  answers  to  techni- 
cal questions,  contact  Stephen  C. 
Tadolini,  (303)  236-0751. 
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Technology  Application 


Idaho  National  Engineering  Laboratory 

:    ■        ■  ■  ..■  ->  -         V 

Bioprocess  for  Phosphate  Solubilization 


The  demand  for  phosphate  is  expected  to  remain  high  into  the  foreseeable  future.  Because  there  are  no  substitutes 
for  phosphate,  over  35  million  metric  tons  of  ore  will  have  to  be  processed  yearly  to  meet  the  expected  demand. 
However,  a  large  fraction  of  the  phosphate  ore  currently  being  mined  is  considered  uneconomical  to  process,  and  is 
left  at  the  mine  site  where  it  is  treated  as  waste.  A  large  amount  of  phosphate  can  be  contained  in  these  "waste" 
ores. 

For  the  first  time,  low-grade  phosphate  ore  can  be  economically  recovered  and  upgraded  to  a  usable  product.  A 
process  developed  by  Idaho  National  Engineering  Laboratory  (INEL)  scientists  separates  insoluble  phosphate  from 
phosphate  ore  body  using  biocatalysis.  FMC  Corporation,  a  phosphate  mining  corporation  located  in  Pocatello, 
Idaho,  recognized  the  need  for  an  innovative  phosphate  separation  technique  and  cosponsored  development  of  this 
process.  ' 

In  the  bioprocess,  microorganisms  that  have  phosphate  solubilizing  properties  aggressively  attack  the  ore  matrix 
resulting  in  a  release  of  the  bound  phosphate.  This  bound  phosphate  is  then  solubilized  and  separated  from  the 
unwanted  rock  matrix. 

Existing  phosphate  separation  techniques  employ  large  quantities  of  energy  or  concentrated  acids.  Abiotic  tests 
have  shown  that  partial  phosphate  solubilization  can  be  achieved  using  acid  and  chelators.  The  bioprocess 
developed  at  INEL  will  not  use  concentrated  acids,  and  it  is  expected  to  consume  only  moderate  quantities  of 
energy.  When  the  results  from  abiotic  and  biotic  tests  are  compared,  the  bioprocess  yields  twice  as  much 
phosphate  as  the  abiotic  process.  Therefore,  the  microorganisms  appear  to  play  an  even  larger  role  in  solubilization 
than  merely  increasing  acidity  and  producing  active  metabolites  such  as  chelators. 

Use  of  the  bioprocess  could  allow  the  phosphate  industry  to  recover  phosphate  from  the  various  layers  of  ores  that 
now  cannot  be  processed  by  electric  furnace  or  wet  acid  techniques.  This  means  at  least  50  percent  more  phosphate 
could  be  produced  from  a  given  mining  operation.  The  bioprocess  system  could  prove  to  be  a  worthwhile  step  to 
upgrade  processing  of  these  ores.  This  technique  can  also  be  applied  to  other  mineral  ore  maU"ices  that  contain 
recalcitrant  trace  amounts  of  phosphate  as  a  contaminant. 

FOR  ADDITIONAL  INFORMATION:  For  more  information,  contact  Richard  Holman,  (208)583-8318. 
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Ice  Penetration  System  Makes  Access  Holes  in  Ice 
for  Divers  and  Equipment 


The  Ice  Penetration  System  (IPS)  is  de- 
signed to  produce  access  holes  in  ice  at  a  rate 
of  15  feet  per  hour.  It  is  designed  to  penetrate 
ice  ranging  from  a  few  feet  thick  to  in  excess 
of  20  feet  thick. 

The  IPS  has  two  main  assemblies:  the 
heater  assembly  and  the  cutting  ring  assembly. 
An  oil-fired  burner  and  heat  exchanger  are 
used  to  raise  the  intake  water  temperature  70 
degrees.  The  hot  water  is  circulated  to  the  cut- 
ting ring,  and  then  is  discharged  through  small 
holes  in  the  bottom  of  the  ring  to  melt  the  ice. 
Warm  melt  water  is  circulated  back  to  the  heat 
exchanger  to  increase  the  efficiency  of  the 
IPS.  A  36-inch-diameter  cutting  ring  is  typi- 
cally used  to  cut  a  core  through  the  ice.  When 
the  cut  is  complete,  the  "free  floating"  core  can 
be  removed  by  several  mechanical  techniques. 
Typically,  a  tripod  lifting  frame  and  winch 
mechanism  are  used  to  remove  the  core. 


Start-up  and  operation  at  ambient  tempera- 
tures as  low  as  -AO°F  are  possible  due  to  elec- 
tric preheaters  mounted  in  critical  components, 
selection  of  low  temperature  capable  compo- 
nents, and  minor  modifications  to  commer- 
cially available  items. 

Major  components  of  the  heater  assembly 
include:  a  burner,  combustion  chamber,  heat 
exchanger,  and  self-priming  positive  displace- 
ment bronze  gear  pump.  These  components 
are  mounted  on  a  welded  aluminum  frame 
with  a  skid-type  base.  The  heater  assembly  is 
designed  to  remain  uncovered  during  normal 
Arctic  service.  A  plywood  cover  drops  over 
and  bolts  to  the  frame  to  protect  the  assembly 
from  wind  blown  objects  and  excessive  snow 
during  storm  conditions.  This  cover  is  also 
used  to  protect  the  assembly  during  shipping. 

Major  components  of  the  cutting  ring  as- 
sembly include  water  hoses,  guide  rods,  stabi- 


258 


rVIASATech  Brief 


National  Aeronautics  and 
Space  Administration 


i 


Computed  Hypersonic  Flow 
About  a  Sharp  Cone 

The  laminar-turbulent 
transitional  flow  with 
particular  reference  to 
heat  transfer  is  studied. 

A  report  describes  a  mostly  computa- 
tional study  of  the  hypersonic  flow  about 
a  sharp  cone.  This  and  other  related  studies 
are  parts  of  a  continuing  effort  to  under- 
stand and  predict  complicated  aerody- 
namic and  heat-transfer  phenomena  in  the 
flows  over  the  forebodies  of  such  hyper- 
sonic vehicles  as  the  Space  Shuttle  and 
the  proposed  National  Aerospace  Plane. 
This  study  focuses  on  the  transition  from 
laminar  to  turbulent  flow,  with  particular 
reference  to  the  heat-transfer  predictions. 
Phenomena,  such  as  skin  friction  and  heat 
transfer  to  the  cone,  and  the  interactions 
among  them  all  become  significant  in  a 
hypersonic  flow,  because  in  such  a  flow. 


a  considerable  portion  of  a  typical  fore- 
body  is  engulfed  in  the  transition  region. 

The  report  includes  an  introduction  that 
discusses  the  factors  that  influence  the 
laminar-to-turbulent  transition  and  sum- 
marizes previous  theoretical  and  experi- 
mental research  on  this  topic.  Next,  it  de- 
scribes numerical  simulations,  via  the  Par- 
abolized  Navier-Stokes  (PNS)  computer 
code,  of  flows  of  mach  7  to  mach  10  about 
cones  of  5°,  8°,  and  10°  half  angle,  at 
angles  of  attack  of  0°  and  4°.  In  these 
simulations,  turbulent  viscosity  was  cal- 
culated by  use  of  the  Baldwin-Lomax 
model,  and  laminar  viscosity  was  calcu- 
lated via  the  Sutherland  law.  The  model 
for  the  transition  was  based  on  the  intermit- 
tency-function  of  Dhawan  and  Narashima. 

The  numerical  results  are  presented  as 
plots  of  the  Stanton  number  (St)  versus 
distance  (x)  along  the  conical  surface  from 
the  apex  and  plots  of  Sffle^'^  versus  Re 
(where  Re  -  Reynolds  number).  The  lo- 
cus of  the  computed  onset  of  transition  on 


the  cone,  calculated  by  use  of  various  cor- 
relations, is  plotted  and  compared  with  the 
locus  given  by  experiment.  Some  obser- 
vations are  made  on  the  basis  of  this  com- 
parison. The  results  at  angles  of  attack  of 
0°  and  4°  are  discussed,  and  it  is  con- 
cluded that  none  of  the  correlations  used 
to  obtain  the  transition-onset  location  ap- 
plies satisfactorily  at  an  angle  of  attack. 
A  transition-onset-location  criterion  based 
on  the  ratio  between  the  Reynolds  number 
(calculated  from  the  momentum  thick- 
ness) and  the  mach  number  has  been 
shown  to  be  a  reasonable  alternative  at 
small  angles  of  attack.  Also,  a  need  for  a 
mach-number-based  modification  of  the 
intermittency  function  is  indicated. 

This  work  was  done  by  Upender  K. 
Kaul  of  Sterling  Software  for  Ames 
Research  Center.  "Laninar-Turbulent 
Transition  Calculations  of  Heat  Transfer  at 
Hypersonic  l\/lach  Numbers  Over  Sfiarp 
Cones."  ARC-12675/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director.  Technology  Transfer  Division,  P.O.  Box  8757. 
BWI  Airport.  MD  21240,  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Computed  Turbulent  Flow 
In  a  Turnaround  Duct 

Kinetic  energy  of 
turbulence  near  the  wall 
is  predicted  accurately. 

A  report  describes  \he  numerical  simu- 
lation of  two-dimensional  turbulent  flow  in 
a  duct  that  has  a  180°  bend.  The  sharp 
curvature  at  the  bend  complicates  the  sim- 
ulation of  turbulence,  and  the  particular 
significance  of  this  study  is  that  it  address- 
es that  complication  with  some  success. 
This  kind  of  study  contributes  to  the  fund 
of  information  needed  to  design  advanced 
engines  that  contain  turbulent  flows. 

A  low-Reynolds-number  algebraic  mod- 
el of  turbulence  is  introduced.  This  model 
is  of  the  k-e  type,  where  k  is  the  time- 
averaged  local  kinetic  energy  of  turbu- 
lence and  e  is  the  time-averaged  local  rate 
of  viscous  dissipation  of  kinetic  energy. 
The  model  has  been  used  in  the  computer 
program  KEM,  which  implements  a  finite- 
difference  solution  to  the  three-dimension- 
al equations  for  the  transport  of  k  and  e 
in  generalized  coordinates  and  can  be 
used  with  any  compressible-  or  incom- 
pressible-flow-simulating computer  pro- 
gram to  compute  the  turbulent  flow  of 
interest. 

The  model  is  formulated  to  yield  ac- 


curate predictions  of  k  near  the  wall.  It  is 
derived  partly  from  knowledge  gained  in 
earlier  direct  simulations  of  turbulence 
near  walls.  Very  near  the  wall,  limiting  be- 
havior on  the  turbulence  kinetic  energy 
and  the  length  scale  is  imposed.  This  min- 
imizes the  sensitivity  of  the  model  to  the 
inflow  length  scale  and,  therefore,  to  the 
inflow  boundary  condition  on  e,  which  is 
not  easily  prescribed.  The  dissipation-rate 
equation  is  modified  near  the  wall  so  that 
the  molecular  diffusion  and  the  destruc- 
tion terms  balance  each  other  uniformly 
as  the  wall  is  approached.  A  new  ffi  func- 
tion is  prescribed.  (The  function  ffi  is  a  fac- 
tor in  the  equation  for  the  turbulent  viscosi- 
ty; it  specifies  the  variation,  with  distance 
from  the  wall,  of  a  coefficient  of  propor- 
tionality at  low  Reynolds  numbers.)  This 
function  is  consistent  with  the  limiting 
behavior  of  k  and  e  near  the  wall.  Alter- 
nate boundary  conditions  on  e  and  a 
spatially  varying  correction  for  curvature 
are  also  derived. 

The  k-e  equations  in  generalized  coor- 
dinates are  integrated  by  an  implicit,  non- 
iterative  finite-difference  method.  First,  the 
calculations  are  performed  for  a  straight 
duct  to  validate  the  turbulence  model.  The 
calculations  are  carried  out  by  prescrib- 
ing the  fully  developed  mean-velocity  pro- 
file from  experiment  throughout  the  solu- 
tion domain  and  by  solving  only  for  the 


turbulence  quantities.  The  predictions  of 
the  model  are  found  to  agree  well  with 
the  experimental  data.  The  experimental 
peak  in  the  kinetic  energy  is  matched  ex- 
actly The  predictions  also  agree  reasonably 
well  with  the  results  of  a  previous  direct 
simulation. 

The  turbulence  model  with  a  correction 
for  curvature  appropriate  to  flow  over  a 
spinning  cylinder  is  used  in  the  simulation 
of  the  two-dimensional  flow  in  the  turna- 
round duct,  which  is  given  the  same  radii 
of  curvature  as  those  of  the  turnaround 
duct  in  the  main  engine  of  the  Space  Shut- 
tle. The  predictions  are  compared  with 
limited  available  experimental  data,  with 
the  caveat  that  the  two-dimensional  simu- 
lation is  an  approximation  to  the  problem 
of  the  axisymmetric  experimental  turn- 
around duct. 

This  work  was  done  by  Upender  K.  Kaul 
of  Sterling  Federal  Systenns  for  Ames  Re- 
search Center.  Further  information  may 
be  found  in  NASA  CR-4141  [N89-24579], 
"Turbulent  Flow  in  a  180°  Bend:  Model- 
ing and  Computations." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Sphngfield.  Virginia 
22161.  Telephone  No  (703)487-4650.  Rush 
orders  may  be  placed  for  an  extra  fee  by 
calling  (800)  336-4700. 
ARC-12552/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director.  Technology  Transfer  Division,  P.O.  Box  8757. 
BWI  Airport.  MD  21240:  (301)  621-0100  Ext  241 
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Designing  Applications 
for  Fasteners 

This  book  assists  the 
engineer  in  the  seemingly 
simple  —  but  really 
difficult  —  selection 
of  fasteners. 

The  Fastener  Design  Manual  was  writ- 
ten to  provide  design  engineers  with  a 
single  source  that  assists  thenn  in  choos- 
ing appropriate  fasteners  for  their  designs. 
It  gives  practical  information  on  the  selec- 
tion of  fastener  materials,  platings,  lubri- 


cants, galvanic  corrosion,  embrittlement 
by  hydrogen,  locking  methods,  inserts, 
washers,  types  and  classes  of  threads, 
fatigue  loading,  and  fastener  torque.  A  sec- 
tion on  design  criteria  discusses  the 
derivation  of  torque  formulas,  loads  on  a 
group  of  fasteners,  combining  shear  and 
tension  loads,  pullout  loads  for  tapped  holes, 
grip  lengths,  head  styles,  and  strengths  of 
fasteners. 

The  second  half  of  the  manual  is  de- 
voted to  the  design  and  selection  of  rivets 
and  lockbolts.  Although  the  emphasis  is 
on  aerospace  rivets  and  lockbolts,  some 
industrial  types  are  included.  The  manual 
contains  54  illustrations  and  11  tables  on 


various  fasteners,  components,  and  as- 
semblies, so  that  the  engineer  can  usual- 
ly see  a  picture  of  the  item  being  described. 

This  work  was  done  by  Richard  T.  Barrett 
of  Lewis  Research  Center  Further  infor- 
mation may  be  found  in  NASA  RP-1228 
[N90-18740].  "Fastener  Design  Manual." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161.  Telephone  Na  (703)487-4650.  Rush 
orders  may  be  placed  for  an  extra  fee  by 
calling  (800)  336-4700. 
LEW-15081/TN 
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Digital  Image  Velocimetry 


Magnitudes  and  directions  of  velocities  are  determined  unambiguously. 


Digital  image  velocinnetry  is  a  technique 
for  extracting  the  two-dimensional  (in  the 
image  planes)  velocities  of  objects  from 
multiple  photographs  or  video  images  of 
the  objects.  Digital  image  velocimetry  was 
devised  to  overcome  the  disadvantages 
of  particle-image  velocimetry  and  laser- 
speckle  velocimetry,  both  of  which  involve 
the  use  of  illuminated  seed  particles  to 
make  flows  visible.  The  sizes  of  the  seed 
particles  and  speckle  images  limit  the  dy- 
namic ranges  of  measurable  speeds,  and 
elaborate  optical  systems  are  needed  to 
eliminate  the  ambiguities  in  the  senses  of 
the  velocity  vectors.  In  digital  image  ve- 
locimetry, the  directions  of  velocity  vec- 
tors are  determined  unambiguously,  and 
the  dynamic  range  is  limited  only  by  the 
speed  of  the  camera  or  equivalently,  by 
the  speed  of  the  stroboscopic  illumination. 

In  digital  image  velocimetry,  a  high- 
speed video  or  film  camera  first  records 


a  time  sequence  of  images  of  moving  ob- 
jects in  its  field  of  view;  in  effect,  it  makes 
a  short  movie.  The  images  are  digitized, 
then  processed  digitally  to  remove  noise 
and  correct  distortions.  Thus  enhanced, 
the  individual  images  are  superposed  to 
construct  a  composite  image  that,  in  a 
sense,  is  equivalent  to  (but  not  the  same 
as)  a  multiple-exposure  image  of  the  type 
used  in  particle-image  or  laser-speckle  ve- 
locimetry. 

In  addition,  each  enhanced  image  in 
the  sequence  is  divided  into  sampling 
areas  called  "interrogation  windows,"  within 
each  of  which  the  gradient  of  velocity  is 
assumed  and  required  to  be  negligible. 
Depending  on  the  details  of  the  velocity 
field  under  study,  it  may  be  necessary  to 
vary  the  sizes  of  the  windows  to  satisfy 
this  requirement. 

The  sampled  individual  images  and 
the  composite  image  are  digitally  Fourier- 


transformed.  The  Fourier  transforms  of  the 
individual  images  are  also  used  to  con- 
struct a  mathematical  filter  to  deblur  the 
composite  image.  The  speed,  which  is 
assumed  to  be  constant  within  each  in- 
terrogation window,  is  easily  computed:  it 
is  inversely  proportional  to  the  time  be- 
tween exposures,  to  the  magnification  of 
the  camera  lens,  and  to  the  widths  of 
stripes  that  appear  in  the  Fourier  transform 
of  the  composite  image.  The  direction  of 
the  velocity  is  determined  from  phase  in- 
formation in  the  Fourier  transform  of  the 
composite  image  divided  by  the  Fourier 
transform  of  one  of  the  individual  images. 
The  collection  of  velocities  thus  computed 
in  all  the  windows  constitutes  the  velocity 
field  of  the  objects  in  the  field  of  view. 
This  work  was  done  by  Y.-C.  Cho  of 
Ames  Research  Center. 
ARC-12774/TN 
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Fast  Parallel  Computation  of  Manipulator  Inverse  Dynamics 

Multilevel  parallelism  is  exploited  by  an  MIMD-SIMD  special-purpose  parallel  architecture. 


A  method  for  fast  parallel  computation 
of  the  inverse  dynamics  problem,  which 
is  essential  for  real-time  dynamic  control 
and  simulation  of  robot  manipulators,  is 
undergoing  development.  The  method  en- 
ables the  exploitation  of  a  high  degree  of 
parallelism  and,  hence,  the  achievement 
of  a  significant  computational  efficiency, 
while  minimizing  various  communication 
and  synchronization  overheads  as  well  as 
the  complexity  of  the  required  computer 
architecture.  Unlit<e  previous  methods  de- 
veloped for  this  purpose,  this  one  does  not 
represent  an  attempt  to  exploit  the  possibly 
suboptimal  capabilities  of  any  specific 
parallel  computing  architecture  for  the 
problem.  Instead,  this  method  first  starts 
by  analyzing  parallelism  at  several  com- 
putational levels  in  the  Newton-Euler  form- 
ulation of  the  inverse  dynamics  problem 
and  by  designing  algorithms  for  efficient 
exploitation  of  parallelism.  A  special- 
purpose  parallel  architecture  is  then 
designed  and  developed  for  efficient  im- 
plementation of  the  algorithms. 

A  hierarchical  graph-based  approach  is 
proposed  to  study  parallelism  at  several 
computational  (or,  abstraction)  levels,  the 
algorithm  and  the  architecture  for  exploita- 
tion of  the  algorithm,  the  relationships  bet- 
ween various  algorithmic  and  architectural 
features,  and  efficient  design  tradeoffs.  At 
each  level,  an  algorithm  is  regarded  as  the 
application  of  a  parallel  model  of  computa- 
tion that  transforms  the  computation  into 
a  graph.  Each  node  of  the  graph  repre- 
sents an  operation  or  a  set  of  operations 
on  a  subset  of  data,  and  the  directed  arcs 
represent  the  data  dependencies  among 
the  nodes.  The  graph  is  then  mapped  on 
an  abstract  parallel  architecture  wherein 
the  nodes  represent  the  processors  and 
the  arcs  represent  the  communication 
structure  of  the  architecture. 

The  mapping  process  is  continued  by 
proceeding  through  levels  of  increasing 
detail,  further  refining  the  features  of  the 
abstract  architecture  by  making  efficient 
algorithmic/architectural  design  tradeoffs 
at  each  level.  The  behaviors  of  the  algo- 
rithms are  described  in  terms  of  the  flow 
of  data  through  the  graph,  which  defines 
the  computation  time  and  the  sequencing 
of  the  abstract  architecture.  The  exact 
features  of  the  target  architecture  are  de- 
fined by  optimizing  the  abstract  architec- 


The  Universal  Real-Time  Robotic  Controller  and  Simulator  (URRCS)  consists  of  an 
internal  host  processor  and  several  SIMD  processors  with  a  ring  topology.  The  archi- 
tecture is  modular  and  expandable:  more  SIMD  processors  can  be  added  to  match 
the  size  of  the  problem.  The  SIMD  processors  can  operate  asynchronously  and  in  a 
MIMD  fashion. 
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ture  for  maximum  exploitation  of  the  prop- 
erties of  the  algorithms  while  minimizing 
the  architectural  complexities. 

This  approach  has  led  to  'he  successful 
development  and  imiplementation  of  the 
Universal  RealTime  Robotics  Controller 
and  Simulator  (URRCS),  which  is  an  algo- 
rithmically  specialized,  highly  parallel 
fvllMD/SIMD  architecture  (see  figure), 
where  MIMD  and  SIMD  stand  for  "multi- 
ple-instruction/multiple-data"  and  "single- 
instruction/multiple-data"  types  of  parallel 
architecture.  The  practical  implementation 
of  the  Newton-Euler  formulation  for  a  six- 
degree-of-freedom  (DOF)  general  (i.e,  with 
no  optimization)  robot  manipulator  has 
shown  that  the  inverse  dynamics  can  be 


computed  in  187  /is.  The  increase  in  com- 
putation time  for  each  additional  DOF  is 
23  us,  which  leads  to  a  computation  time 
of  less  than  500  fis.  even  for  a  12-DOF  re- 
dundant robot  manipulator.  Such  a  per- 
formance enables  the  implementation  of 
the  most  advanced  dynamics-control 
schemes  with  a  sampling  rate  greater  than 
1  kHz.  The  approach  of  this  work  has  also 
been  applied  for  the  development  of  the 
Robot  Mathematics  Processor  (RMP), 
which  IS  a  faster  and  more  elaborate  suc- 
cessor to  the  URRCS. 

This  work  was  done  by  Amir  Fljany  and 
Antal  K.  Bejczy  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 
NPO-18080/TN 
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Hidden-Markov-Model  Analysis  of  Telemanipulator  Data 

Forces  and  torques  are  analyzed  by  extension  of  a  method  previously  applied  to  speech. 


A  mathematical  model  and  procedure 
based  on  the  hidden-Markov-model  con- 
cept are  undergoing  development  for  use 
in  the  analysis  and  prediction  of  the  out- 
puts of  force  and  torque  sensors  of  tele- 
robotic  manipulators  (see  figure).  A  hidden 
Markov  model  is  a  mathematical  model  of 
a  Markov  process  (a  type  of  stochastic 
process)  that  cannot  be  observed  direct- 
ly Each  state  of  a  hidden  Markov  model 
specifies  a  probability  density  from  v^/hich 
such  observations  as  sensor  outputs  are 
generated.  In  a  nontrivial  case  in  which 
the  probability  densities  overlap,  the  prob- 
lem of  determining  the  sequence  of  states 
in  the  underlying  Markov  model  becomes 
one  of  optimally  combining  the  informa- 
tion on  state-transition  probabilities  with 
state-dependent  observation  densities  and 
observations  at  particular  times. 

The  hidden-Markov-model  concept  has 
previously  been  applied  to  the  recognition 
of  speech  signals,  which  are  similar  to  ro- 
botic force/torque  signals  in  that  they  are 
noiselike  and  represent  hidden  mental 
states  of  human  operators  or  internal 
states  of  electronic  controllers.  In  the  de- 
velopmental hidden  Markov  model,  an 
overall  task  is  broken  down  into  subgoals, 
and  transition  probabilities  encode  the 
ease  with  which  the  operator  completes 
each  subgoal.  The  Markov-process  portion 
of  the  model  encodes  the  task-sequence/ 
subgoal  structure,  and  the  probability-den- 
sity functions  for  the  forces  and  torques 
associated  with  each  state  of  manipula- 
tion (subgoal/state)  encode  the  sensor  sig- 
nals that  one  expects  to  observe  at  the 
subgoal.  The  parameters  of  this  model  are 
constructed  from  engineering  knowledge 
of  the  task. 

Three  problems  arise:  to  compute  the 
probability  of  a  sequence  of  observed  sen- 
sor outputs  given  a  particular  hidden 
Markov  model,  to  compute  the  most  like- 
ly sequence  of  states  from  a  sequence  of 
observed  sensor  outputs  and  the  hidden 
Markov  model,  and  to  identify  the  hidden 
Markov  model  from  a  sequence  or  set  of 
sequences  of  observed  sensor  outputs. 
The  first  problem  corresponds  to  the  com- 


putation of  a  "P-value"  (a  recursive  sum 
of  products  that  include  transition  probabil- 
ities) for  the  entire  sequence  of  sensor 
data.  For  example,  if  evaluated  against  a 
hidden  Markov  model  of  normal  execution 
of  the  task,  the  P-value"  indicates  to  what 
extent  the  operation  is  proceeding  accord- 


ing to  plan.  The  second  problem  is  solved 
by  using  the  Viterbi  algorithm,  which  also 
computes  the  probability  of  the  most  like- 
ly sequence  of  states.  The  third  problem 
is  solved  by  use  of  the  Baum-Welch  algo- 
rithm, which  is  an  incremental-optimization 
algorithm  that  is  guaranteed  to  change  the 
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The  Outputs  of  Sensors  on  a  robot  performing  a  precise  peg-in-hole 
task  are  noisy  but  also  contain  Information  that  can  be  interpreted  with 
the  help  of  knowledge  of  the  task. 

hidden  Markov  model  in  such  a  way  as  to  improve  the  P-value 
for  a  given  set  of  sensor  data 

This  work  was  done  by  Blake  Hannaford  and  Paul  Lee  of 
Caltech  for  NASA's  Jet  Propulsion  Laboratory. 

NPO-iaOOOfTN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director.  Technology  Transfer  Division.  P.O.  Box  8757. 
BWI  Airport.  MD  21240:  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


265 


IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Langley  Research  Center,  Hampton,  Virginia 


Licensing 
Opportunity 


Hydrodynamic  Skin  Friction  Polymers  and  Riblets  Reduce 

Polymers  injected  into  riblet  grooves  could  dramatically 
reduce  the  polymer  flow  rate  required  for  drag  reduction. 


The  use  of  iong-ctnain  polymer  molecules 
to  reduce  turbulent  sl<in  friction  has  been 
shown  to  produce  reductions  in  drag  con- 
sistently —  up  to  80  percent  in  some 
cases.  However,  the  use  of  polymers  on 
marine  vehicles  has  been  limited  by  the 
impracticality  of  injecting  polymers  into  the 
water  at  the  rates  needed  to  maintain  suf- 
ficiently high  concentrations  of  polymers 
close  to  the  surfaces  of  the  vehicles.  Tur- 
bulent diffusion  in  a  boundary  layer  rapid- 
ly disperses  the  polymer  after  it  is  injected, 
causing  much  of  the  polymer  to  leave  the 
region  of  the  boundary  close  to  the  sur- 
face, where  the  polymer  drag-reduction  ef- 
fect occurs. 

The  distributed  injection  of  a  polymer 
over  the  entire  surface  of  a  vehicle  can 
produce,  at  much-lower  total  mass-injec- 
tion rates,  local  concentrations  of  polymer 
sufficient  to  result  in  large  reductions  in 
drag;  but  this  approach  requires  a  porous 
surface  over  the  entire  vehicle,  making  it 
infeasible  to  apply  to  such  large  vessels 
as  ships  and  submarines. 

In  previous  studies  of  the  injection  of 
polymers,  the  surfaces  of  the  test  vessels 
were  covered  with  longitudinal  grooves,  or 
riblets,  but  these  studies  indicated  only  ad- 
ditive effects  between  the  polymers  and 
riblets.  No  attempts  were  made  to  inject 
polymers  into  the  grooves  to  control  the 
diffusion  of  polymers  into  the  boundary 
layers. 


In  the  current  technique,  the  surface 
contains  many  rows  of  side-by-side,  evenly 
spaced  longitudinal  grooves,  and  the  rate 
of  diffusion  of  the  polymer  from  the  sur- 
face is  controlled  by  injecting  the  polymer 
into  the  grooves.  The  depth  and  width  of 
each  groove  must  be  chosen  according 
to  the  local  scale  length  for  viscosity, 
which  is  a  function  of  the  velocity  of  the 
vehicle  and  its  position  on  the  surface. 

The  polymer  solution  is  injected  into  the 
valleys  of  the  grooves  through  an  array  of 
holes  or  slots  angled  downstream  to  keep 
the  injected  streams  within  the  grooves. 
Injection  has  to  be  repeated  some  dis- 
tance downstream  because  the  volumes 
of  the  grooves  are  finite  and  the  polymer 
becomes  depleted  as  it  is  slowly  pulled 
from  the  groove  by  turbulence.  The  poly- 
mer must  reach  the  "outer  layer"  just 
above  the  riblet  surface  to  reduce  the  tur- 
bulent skin  friction  effectively 

The  rate  of  injection  and  the  concen- 
tration of  the  polymer  solution  also  depend 
on  the  local  viscous  scaling.  Once  in  a 
groove,  the  polymer  diffuses  into  the  bound- 
ary layer  at  a  rate  controlled  by  the  dimen- 
sions of  the  groove.  Correct  scaling  of  a 
groove  causes  the  polymer  to  be  distribut- 
ed slowly  over  a  certain  length  in  the  same 
fashion  as,  and  with  the  same  advantage 
of  low  mass-flow  requirement  as,  that  of 
distributed  injection,  without  the  need  for 
a  porous  surface  over  the  entire  vessel. 


The  use  of  this  technique  has  the  poten- 
tial to  reduce  skin-friction  drag  at  mass- 
injection  rates  less  thah  one-tenth  those 
of  previous  methods.  The  technique  can 
be  especially  important  for  oil  tankers  as 
a  means  of  markedly  reducing  the  cost  of 
fuel  and  could  be  used  extensively  on  sub- 
marines, other  ships,  and  other  marine  ve- 
hicles. However,  these  applications  will  re- 
quire considerable  further  development. 

This  work  was  done  by  Dennis  M. 
Bushnell  of  Langley  Research  Center 
and  Jason  C.  Reed  of  Old  Dominion 
University  Researcti  Inundation. 

Thiis  invention  is  owned  by  NASA,  and 
a  patent  application  fias  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Langley  Research  Center 
Refer  to  LAR-14271/rN. 

Langley  Research  Ctr. 

Technology  Utilization 

Officer  John  Samos 

Mail  Stop  139A  '  "'  'o 

Hampton,  VA  23665 

Patent  Counsel 

George  F.  Helfrich 
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Navier-Stokes  Simulation 
of  Wind-Tunnel  Flow 

Numerical  iritegration  is 
performed  by  the  LU-ADI 
factorization  algorithm. 

A  report  describes  a  three-dimensional 
Navier-Stokes  simulation  of  the  transonic 
flow  past  a  model  wing  in  a  wind  tunnel  and 
in  free  air  The  simulation  shows  the  effects 
of  the  walls  of  the  tunnel. 

The  Navier-Stokes  equations  of 
viscous,  compressible  flow  of  an  ideal  gas 
are  written  in  three<limensional,  Reynolds- 
averaged  thin-layer,  conservation-law  form 
in  generalized  coordinates.  The  viscosity 
coefficient  is  taken  to  be  the  sum  of  the  ac- 
tual viscosity  plus  the  turbulent-eddy 
viscosity  computed  from  the  algebraic 
Baldwin-Lomax  eddy-viscosity  model  with 
length  scales  modified  for  the  thin  layers 


near  the  surfaces  of  the  wing  and  the  walls. 

The  equations  are  integrated  numerical- 
ly by  the  Lower/Upper-Alternating  Direc- 
tion Implicit  (LU-ADI)  factorization 
algorithm,  which  is  a  compromise  between 
the  LU  and  ADI  algorithms  in  which  each 
AD!  operator  is  decomposed  into  the  pro- 
duct of  lower  and  upper  bidiagonal 
matrices  by  a  flux-vector-splitting  techni- 
que and  a  diagonally  dominant  factoriza- 
tion. Steady-state  solutions  are  obtained 
for  the  wing  in  the  wind  tunnel  at  angles  of 
attack  of  0°  and  2°,  and  for  the  wing  in  free 
air  at  angles  of  attack  of  0°  2°  5°  and  8° 
The  free-stream  mach  and  Reynolds 
numbers  used  in  the  numerical  simulations 
are  those  of  a  previously  reported  experi- 
ment. 

The  lift  coefficients  predicted  by  the  wind- 
tunnel  simulation  are  lower  than  those 
predicted  by  the  free-air  simulation.  The 
results  indicate  that  the  technique  for  the 


simulation  of  the  transition  from  laminar  to 
turbulent  flow  and  the  technique  for  the 
generation  of  the  computational  grid  will 
have  to  be  developed  further  The  results 
also  indicate  that  the  available  experiment- 
al data  are  not  precise  enough  to  establish 
boundary  conditions  for  the  computations. 

This  work  was  done  by  S.  Obayashi  and 
K  Fujii  of  Ames  Research  Center  and  S. 
Gavall  of  Amdahl  Corp.  Further  information 
may  be  found  in  NASA  Tfyl-100042  [N88- 
17584],  "Navier-Stokes  Simulation  of 
Wind-Tunnel  Flow  Using  LU-ADI  Factori- 
zation Algorithm." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161.  Telephone  No.  (703)  487-4650. 
Rush  orders  may  be  placed  for  an  extra  fee 
by  calling  (800)  336-4700. 
ARC-12193/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  PC.  Box  8757. 
BWI  Airport,  MD  21240,  (301)  621-0100  Ext  241 

REFER  TO  THE  NUIVIBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


267 


IVIASATech  Brief 


National  Aeronautics  and 
Space  Administration 


Particle-in-Cell  Simulation 
of  Explosive  Flow 

A  cell  can  contain  more 
than  one  nnaterial. 

A  report  describes  the  use  of  a  second- 
order  particle-in-cell  method  to  compute 
the  two-dimensional  hydro/elastic/plastic 
flow  of  a  hemispherical  copper  shell  after 
the  detonation  of  an  axisymmetric  explo- 
sive charge.  This  flow  is  difficult  to  com- 
pute because  the  equation  of  state  of  the 
high-pressure  gas  from  the  explosion  is 
complicated;  because  the  mechanical 
properties  of  the  copper  and  the  remain- 
ing solid  explosive  depend  on  pressure, 
temperature,  and  previous  deformations; 
and  because  changes  of  state  (e.g.,  chemi- 
cal reactions  and  melting  of  the  copper) 
must  be  taken  into  account. 

The  governing  equations  include  the 
equations  of  conservation  of  mass,  mo- 
mentum, and  energy  in  cylindrical  Eulerian 
coordinates;  and  the  equations  of  state,  in- 


cluding hydrostatic-pressure  stresses  in 
the  elastic  and  plastic  regimes.  The  set 
of  governing  equations  is  split  in  the  axial 
and  radial  directions.  A  separate  calcula- 
tion is  performed  in  each  direction.  The 
order  of  this  calculation  is  alternated  for 
each  time  advancement  to  maintain  the 
accuracy  of  the  one-dimensional  proce- 
dure. 

Based  on  known  quantities  at  the  nth 
time  step,  Lagrangian  quantities  at  the 
(n±1)th  time  step  are  computed.  After  the 
Lagrangian  phase  calculation,  one  has  the 
velocity,  energy  density  and  stress  in  each 
ceil.  Consistent  with  these,  temporary  values 
of  momentum  and  internal  energy  are  as- 
signed to  each  cell. 

For  a  cell  containing  only  one  type  of 
material,  the  fluid-volume-transport  calcu- 
lations are  used  without  introducing  any 
particles.  If  a  cell  contains  2  or  more  ma- 
terials, then  a  total  of  64  particles  are 
created  for  each  material  in  the  cell.  The 
particles  are  considered  to  be  transported 
with  an  average  velocity  Particles  of  each 


material  (e.g.,  copper  or  explosive)  are  creat- 
ed or  destroyed  to  maintain  the  proper 
dynamic  balances  in  each  cell.  Each  par- 
ticle carries  with  it  a  fraction,  proportional 
to  its  mass,  of  dynamic  and  state 
quantities. 

The  results  of  the  particle-in-cell  com- 
putation are  presented  in  the  form  of  pic- 
tures of  the  shape  of  the  copper  shell  at 
various  times,  a  plot  of  the  velocity  of  the 
shell  as  a  function  of  position  along  the 
axis  at  a  particular  instant  of  time,  and  a 
plot  of  the  cumulative  mass  of  the  copper 
jet  as  a  function  of  its  velocity  The  latter 
plot  is  shown  to  agree  well  with  a  plot  of 
experimental  values,  and  the  computed 
velocity  of  the  tip  is  shown  to  differ  from 
the  experimental  value  by  only  -1.9  per- 
cent. 

This  work  was  done  by  Dochan  Kwak 
of  Ames  Research  Center  and  Wen  Ho 
Lee  of  Los  Alamos  National  Laboratory. 
"PIC  Methiod  for  a  Two-Dimensional 
Elastic-Plastic-Hydro  Code." 
ARC-12543/TN 
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Pressure  Fluctuations  in 
Simulated  Turbulent 
Channel  Flow 

Statistical  analysis  of  data 
shows  significant  trends. 

A  report  presents  a  study  of  ttie  struc- 
tures of  fluctuations  in  pressure  in  a  nu- 
nnerically  simulated  incompressible,  turbu- 
lent channel  flow.  TTie  study,  wtiich  is  based 
on  statistical  analyses  of  the  pressure  and 
velocity  fields,  is  part  of  the  continuing  ef- 
fort to  understand  the  relationships  among 
pressures  (especially  those  measured  on 
the  walls  of  channels  or  aerodynamic 
bodies),  velocities,  vorticities,  kinetic  en- 
ergies, and  other  features  of  turbulent 
flows  in  the  vicinities  of  walls. 

The  simulation  represented  the  flow  in 
a  channel  between  two  parallel  plates  with 
a  computational  grid  of  128  by  129  by  128 
points  in  the  x,  y,  and  z  directions  (stream- 
wise,  perpendicular  to  the  walls  or  plates, 
and  spanwise  directions,  respectively).  The 
Reynolds  number,  based  on  the  half  width 
of  the  channel  and  the  velocity  at  the  cen- 
terline,  was  3,300.  Once  the  simulated  ve- 
locity field  reached  the  statistically  steady 
state,  it  was  recorded  at  about  100  con- 
secutive instants,  and  the  resulting  data 
were  used  in  the  statistical  analysis. 

For  the  purposes  of  this  study,  the  pres- 
sure was  split  into  two  components:  one 
that  varies  rapidly  (the  "rapid  pressure") 
and  corresponds  to  the  linear  source  term 
in  the  Ftoisson  equation  that  expresses  the 


relationship  between  the  pressure  and  ve- 
locity fields;  and  one  that  varies  slowly  (the 
"slow  pressure")  and  corresponds  to  the 
nonlinear  term  in  this  Poisson  equation. 
Contrary  to  the  common  belief  that  the 
rapid  pressure  is  the  dominant  component, 
it  was  found  that  the  slow  pressure  is  com- 
parable near  the  wall  and  larger  away  from 
the  wall.  The  corresponding  source  terms 
also  showed  the  same  trend. 

The  probability-density  distributions 
showed  that  the  pressure  fluctuations  are 
much  more  intermittent  than  are  velocity 
fluctuations,  and  large  negative  fluctua- 
tions contribute  substantially  to  the  mean- 
square  fluctuation.  Many  of  these  negative 
pressure  fluctuations  are  correlated  with 
high  vorticity  fluctuations.  Power  spectra 
and  two-point  correlations  showed  that 
there  is  little  difference  between  the  rapid 
and  the  slow  pressure  near  the  wall,  but 
that  they  differ  considerably  from  each 
other  away  from  the  wall.  The  behavior  of 
the  two-point  correlation  of  the  rapid  pres- 
sure at  the  wall  was  found  to  agree  well 
with  that  obtained  from  the  rapid-distortion 
theory,  suggesting  the  usefulness  of  the 
linear  theory. 

A  Green's-function  representation  was 
used  to  demonstrate  the  global  depend- 
ence of  pressure  fluctuations.  It  was 
shown  that  instantaneous  pressure  at  one 
wall  is  influenced  significantly  by  the 
source  terms  from  near  the  other  wall. 
However,  the  use  of  the  same  represen- 
tation for  the  mean-square  fluctuation 
showed  that  although  the  instantaneous 


pressure  has  a  global  dependence,  most 
contributions  to  the  mean-square  fluctua- 
tion are  local.  This  indicates  that  the  influ- 
ence from  far  away  is  averaged  out  with 
small  net  effects.  Contributions  to  the  pres- 
sure-strain correlations  are  apparently 
local  near  the  wall,  but  global  away  from 
the  wall.  This  nonlocal  character  of  the 
contributions  to  the  pressure-strain  cor- 
relations raises  an  important  question  of 
whether  one  can  model  them  in  terms  of 
local  variables,  as  is  done  currently 

Examination  of  contours  of  constant 
pressure  gradients  showed  that  those  as- 
sociated with  dp/dy  and  dp/dz  (where  p  - 
pressure)  are  somewhat  elongated  in  the 
streamwise  direction,  but  not  those  asso- 
ciated with  3p/3x.  Examination  of  vorticity 
oj  and  gradients  of  pressure  at  the  wall, 
which  control  the  diffusion  of  vorticity  from 
the  wall,  showed  a  strong  correlation  be- 
tween oJx  and  bplbz,  but  no  apparent  cor- 
relation between  o)^  and  dpidx. 

This  work  was  done  by  John  Kim  of 
Ames  Research  Center.  Further  informa- 
tion may  be  found  NASA  Ti^-1 01084  [N89- 
22860],  "On  the  Structure  of  Pressure 
Fluctuations  in  Simulated  Turbulent  Chan- 
nel Flow." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield.  Virginia 
22161,  Telephone  No  (703)  487-4650.  Rush 
orders  may  be  placed  for  an  extra  fee  by 
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Spectral  Method  for  Simulation  of  Vortex  Rings 

Computations  yield  accurate  results  for  long  tinnes. 


A  mettnod  of  computation  tlnat  relies  on 
spectral  basis  functions  has  been  devel- 
oped especially  for  the  sinnulation  of  ax- 
isymnnetric  vortex  rings  in  an  incompressi- 
ble, viscous  fluid  w/ith  a  quiescent  far  field. 
From  experience  in  the  study  of  other 
flows,  properly  formulated  spectral  meth- 
ods are  known  to  yield  exponential  con- 
vergence to  accurate  solutions.  The  pres- 
ent spectral  method  contributes  to  our 
understanding  of  the  flows  in  and  around 
vortex  rings  (e.g.,  smoke  rings)  during  long 
propagation  times,  including  such  theoret- 
ically and  practically  important  phenome- 
na as  the  drift  and  expansion  of  a  ring, 
"leapfrogging"  and  coalescence  of  two 
rings,  and  the  shedding  of  vorticity  into  the 
wake  of  a  propagating  ring. 

The  physics  of  the  flow  are  represented 
by  the  Navier-Stokes  equations  for  an  in- 
compressible fluid.  Because  the  domain 
of  flow  is  unbounded  and  vortex  rings  are 
known  to  diffuse  and  translate,  the  equa- 
tions are  expressed  in  a  translating,  ex- 
panding spherical  coordinate  system.  The 
transformation  to  this  coordinate  system 
leaves  the  boundary  conditions  invariant 
and  has  minimal  impact  on  the  algorithm 
used  to  solve  the  Navier-Stokes  equa- 
tions. The  expansion  is  chosen  to  match 
that  of  the  viscous  length  scale,  while  the 
translation  is  chosen  to  minimize  the  de- 
pendence of  the  solution  on  time  in  the 
transformed  coordinates. 

The  flow  field  is  represented  by  a  weighted 
sum  of  spatially  dependent  functions  that 
constitute  the  basis  vectors  for  the  solu- 
tion space.  The  weighting  coefficients  de- 
pend on  time  and  specify  the  evolution  of 
the  flow  field.  The  angular  dependence  is 
specified  in  the  basis  functions  by  vector 
spherical  harmonics.  The  semi-infinite 
radial  domain  0  <  r  <  oo  is  transformed 
further  to  a  finite  domain,  0  <  ^  <  1,  and 
the  radial  dependence  of  the  velocity  and 
vorticity  is  then  specified  in  the  basis  func- 
tions by  Jacobi  polynomials. 

The  divergence  of  the  velocity  field  is 
made  zero  (as  it  must  be  in  incompressi- 
ble flow)  by  choosing  a  divergence-free 
subset  of  the  basis  functions.  By  appropri- 
ate choice  of  the  basis  functions,  the  pres- 
sure term  disapears  when  the  basis  func- 
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tions  are  inserted  in  the  Navier-Stokes 
equations,  which  are  in  turn  multiplied  by 
each  basis  function  separately  and  inte- 
grated over  the  complete  domain.  Through 
this  process,  the  Navier-Stokes  equations 
reduce  to  a  set  of  coupled  ordinary  dif- 
ferential equations  that  are  numerically  in- 
tegrated in  time  from  an  initial  flow  field. 
Flow  fields,  each  characterized  by  one 
or  two  vortex  rings,  were  simulated  by  this 
method  for  various  Reynolds  numbers 
from  0.001  to  1,000.  At  long  times,  every 
such  flow  was  observed  to  approach  a 
Stokes  solution  (a  slowly  decaying  analyti- 
cal solution)  that  depends  only  on  the  total 
hydrodynamic  impulse,  which  is  conserved 
for  all  time.  At  small  times,  the  propaga- 


Two  "Leapfrogging"  Vortex  Rings  in  a  vis- 
cous flow  (Reynolds  number  1,000)  were 
simulated  numerically  by  the  method 
described  in  the  text.  The  lines  represent 
contours  of  equal  vorticity.  The  coales- 
cence of  vortexes  and  the  shedding  of  vor- 
ticity into  the  wake  are  not  predicted  by 
simpler  methods  based  on  inviscid  flow. 

tion  speeds  of  initially  infinitely  thin  vortex 
rings  agree  with  a  previous  asymptotic 
theory.  Following  a  single  ring,  with  a  Reyn- 
olds number  of  500,  the  vorticity  contours 
indicate  shedding  of  vorticity  into  the  wake 
and  a  settling  of  an  initially  circular  core 
to  a  more  elliptical  shape,  similar  to  that 
of  a  previous  calculation  for  steady  inviscid 
vortexes.  A  computation  of  "leapfrogging" 
vortex  rings  at  a  Reynolds  number  of  1,000 
shows  severe  straining  of  the  inner  vortex 
core  in  the  first  pass  and  merging  of  the 
two  cores  during  the  second  pass  (see 
figure). 

This  work  was  done  by  Robert  H. 
Relnicke  and  Rafic  Mohtar  of  Eaton  Corp. 
for  Johnson  Space  Center 
MSC-21697  and  MSC-21698/TN 
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Speeding  Convergence  in 
Simulations  of 
Hypersonic  Flow 

A  Richardson-type 
overrelaxation 
method  is  applied. 

A  report  describes  a  study  aimed  at  ac- 
celerating the  rates  of  convergence  of  itera- 
tive schemes  for  the  numerical  integration 
of  the  equations  of  hypersonic  flow  of  vis- 
cous and  inviscid  fluids.  The  need  for  taster 
convergence  on  the  solution  is  particular- 
ly severe  in  such  cases  as  simulation  of 
hypersonic  tlow  about  an  airplane,  which 
could  involve  as  many  as  5,000  iterations 
of  a  Navier-Stokes  code  that  take  25  h  a 
supercomputer 

The  Euler  equations  (of  inviscid  flow  in 
the  bulk  of  the  fluid)  are  presented  and  treat- 
ed via  the  Steger-Warming  flux-vector-split- 
ting approach.  The  flux-vector-split  thin- 
layer  Navier-Stokes  equations  (of  viscous 
flow  in  the  boundary  layer)  are  obtained  by 


adding  an  explicit  boundary-layer  term  to 
flux-vector-split  Euler  equations.  First-order 
differencing  is  applied,  and  the  resulting 
large  sparse  system  of  equations  is  put  in 
matrix  form  and  solved  numerically  by  an 
iterative  approximate-factorization  tech- 
nique. 

To  accelerate  the  convergence  of  the  nu- 
merical simulation,  Richardson's  overre- 
laxation method  (the  "RF"  method)  and 
Wynn's  e-algorithm  (a  technique  for  accel- 
eration in  iterative  vector  and  matrix  prob- 
lems) are  invoked.  These  techniques  have 
been  used  successfully  in  previous  studies 
to  accelerate  convergence  in  simulations 
of  inviscid  and  viscous  flows  in  the  sub- 
sonic and  transonic  regimes  of  flow.  First, 
a  simple  successive-overrelaxation  tech- 
nique is  used  to  accelerate  the  conver- 
gence of  the  Steger-Warming  flux-vector- 
splitting  code  in  the  case  of  two<iimensional 
flow  over  a  blunt-ended  wedge  —  a  sim- 
plified model  of  a  blunt-ended  cone.  This 
overrelaxation  technique  is  found  to  reduce 
the  computing  time  by  half.  The  conver- 


gence is  even  faster  when  both  the  over- 
relaxation  technique  and  Wynn's  ealgorithm 
are  used. 

Next,  an  overrelaxation  factor  for  a  non- 
linear iterative  procedure  is  introduced,  ap- 
plied in  several  computations,  and  exam- 
ined experimentally  When  it  is  applied  along 
with  Wynn's  ealgorithm  in  the  three-dimen- 
sional Navier-Stokes  simulation  of  the  flow 
over  a  blunt  cone,  the  number  of  iterations 
needed  to  achieve  a  specified  level  of  con- 
vergence is  reduced  by  more  than  40  per- 
cent. 

This  work  was  done  by  J.  F lores  of  Ames 
Research  Center  and  S.  Cheung,  A. 
Cheer,  and  M.  Hafez  of  the  University  of 
California.  Further  information  may  be 
found  in  AIAA  paper  89A-42100,  '  'Conver- 
gence Acceleration  of  Viscous  and  Inviscid 
Hypersonic  Flow  Calculations. 

Copies  may  be  purchased  [prepayment 
required]  from  AIAA  Technical  Information 
Sen/ices  Libran/,  555  West 57th  Street,  New 
York  10019,  Telephone  No  (212)247-6500. 
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Redundant  Robot  Can  Avoid  Obstacles 

Configuration  control  would  exploit  the  extra  degrees  of  freedom. 


A  relatively  simple  and  direct  control 
scheme  has  been  proposed  to  enable  a 
redundant  robot  to  avoid  obstacles  in  its 
workspace.  A  redundant  robot  —  typical- 
ly, a  manipulator  arm  with  multiple  joints 
and  links  —  has  more  degrees  of  freedom 
than  are  needed  to  make  the  end  effector 
follow  the  desired  trajectory.  The  extra  de- 
grees of  freedom  are  available  for  use  in 
satisfying  additional  task  objectives;  in  this 
case,  they  are  used  to  satisfy  the  additional 
objective  of  reaching  around,  or  otherwise 
avoiding  collision  with,  obstacles. 

I-Heretofore,  the  majority  of  research  on 
simultaneously  obtaining  the  desired  end- 
effector  trajectory  while  avoiding  obstacles 
has  taken  a  high-level  path-planning  ap- 
proach, in  which  the  paths  of  the  end  ef- 
fector and  other  parts  of  the  robot  are 
planned  a  priori  to  avoid  collisions  with 
obstacles.  This  approach  involves  a  focus 
on  the  path-planning  portion  of  the  robot- 
control  problem,  the  classical  solution  of 
which  is  time-consuming. 

In  the  proposed  scheme,  which  is  called 
"configuration  control,"  the  degrees  of 
freedom  would  be  used  to  configure  the 
robot  to  satisfy  a  set  of  inequality  con- 
straints that  represent  the  avoidance  of 
obstacles,  while  simultaneously  making 
the  end  effector  follow  the  desired  trajec- 
tory (see  Figure  1).  For  each  obstacle, 
there  would  be  defined  a  convex  volume 
or  "space  of  influence"  consisting  of  the 


object  ph":  an  imaginary  thick  shield 
around  it.  If  any  point  on  the  robot  entered 
such  a  space  of  influence  (entry  would 
manifest  itself  as  a  violation  of  one  or  more 
of  the  inequality  constraints),  the  degrees 
of  freedom  would  be  used  to  inhibit  the 
motion  of  that  point  toward  the  obstacle. 

Configuration  control  would  utilize  on- 
line adaptation  to  eliminate  the  need  for 
a  complicated  mathematical  model  and 
parameter  values  of  the  dynamics  of  the 
robot.  Configuration  control  could  be  im- 
plemented at  the  low  level  of  the  servocon- 
trol  loops  of  the  robot,  in  contrast  with  prior 
schemes  in  which  the  avoidance  of  ob- 
stacles is  implemented  at  the  high-level 
task-planning  stage.  This  feature  would 
provide  the  capability  to  avoid  obstacles 
in  a  dynamically  varying  environment  (e.g., 
where  the  obstacles  are  moving),  where 
a-priori  planning  of  tasks  is  not  feasible. 
The  relative  simplicity  and  computational 
efficiency  would  make  it  possible  to  im- 
plement real-time  obstacle-avoidance  con- 
trol loops  with  high  sampling  rates. 

Configuration  control  of  a  four-link  plan- 
ar robot  (see  Figure  2)  was  tested  in  com- 
puter simulations.  The  problems  studied 
included  reaching  around  a  stationary 
round  obstacle,  simultaneous  avoidance 
of  two  stationary  round  obstacles,  recon- 
figuration of  the  robot  to  avoid  a  moving 
round  obstacle,  and  avoiding  a  station- 
ary rectangular  obstacle.  The  simulations 


showed  that  the  end  effector  tracked  the 
desired  trajectories  closely,  and  the  robot 
succeeded  in  avoiding  the  obstacles. 

This  work  was  done  by  Homayoun 
Seraji,  of  Caltech  and  Richard  Colbaugh 
and  Kristin  Glass  of  New  Mexico  State 
University  for  NASA's  Jet  .Propulsion 
Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA's  Resident  Office- 
JPL.  Refer  to  NP0-17852/TN. 
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Figure  1 .  In  Configuration  Control  extra  degrees  of  freedom — those 
not  needed  to  nnai<e  the  end  effector  of  a  robot  follow  the  desired 
trajectory — would  be  used  to  make  the  robot  avoid  obstacles. 


Figure  2  A  Four-Link  Robot  in  a  Horizontal  Plane,  equipped  with 
configuration  controller,  was  studied  by  computer  simulation.  The 
results  of  the  simulation  showed  that  the  robot  could  avoid  obstacles 
while  its  end  effector  closely  tracked  the  desired  trajectory. 
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Viselike  Robotic  Gripper 


A  split-rail/roller  bearing  system  minimizes  both  friction  and  jamming  under  side  loads. 


A  viselil<e.  high-performance,  general-pur- 
pose robot  hand  is  being  developed  for  use 
in  both  industry  and  outer  space.  This  de- 
vice, called  a  "split-rail  parallel  gripper,"  is 
simple,  compact,  inexpensive,  rugged,  light 
enough  [10  lb  (4.5  kg)]  to  be  used  on  small 
robots,  strong  enough  to  be  used  on  large 
robots  to  lift  loads  up  to  100  lb  (45  kg),  and 
capable  of  gripping  objects  up  to  7  in.  (178 
cm)  wide. 

The  gripper  has  a  unique  "split-rail"  con- 
figuration (see  figure)  in  which  a  finger  remi- 
niscent of  a  vise  jaw  is  attached  to  each 
of  two  rails.  The  rails  move  along  each  other 
on  preloaded  roller  bearings  that  minimize 
the  friction  between  the  rails  and  between 
each  rail  and  a  housing.  Because  the  mo- 
tion is  rolling  rather  than  sliding,  there  is  little 
wear  and  the  gripper  can,  therefore,  be  used 
in  workspaces  where  contamination  must 
be  minimized. 

Rack  gears  mounted  on  the  rails  mesh 
with  a  pinion  gear  that  rotates  about  an  axis 
fixed  to  the  housing.  This  gear  system  forces 
the  rails  and  fingers  to  move  equal  distances 
in  opposite  directions  and  to  remain  at  equal 
distances  from  the  midpoint  where  they 
meet.  Therefore,  the  gripper  can  be  driven 
via  either  the  pinion  or  one  of  the  rails  by 
any  of  a  variety  of  rotary  or  linear  motors, 
actuators,  or  transmission  systems.  When 
one  of  the  rails  is  driven,  the  fingers  press 
on  the  grasped  object  with  half  the  driving 
force. 

The  rails  and  housing  are  made  of  6061- 
T6  aluminum.  They  are  machined  by  sim- 
ple straight  cuts;  no  grinding  or  polishing 
is  necessary.  The  machined  surfaces  are 
hard-anodized  to  reduced  wear  and  prevent 
indentation  by  the  bearings  under  high  loads. 
The  racks,  pinion,  and  roller  bearings  are 
made  of  stainless  steel  and  are  available 
commercially 
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TheSplit-Raif/Roller 
Bearing  System  re- 
duces fnction  and 
backlash.  The  cylin- 
drical roller  bearings 
between  the  rails  ro- 
tate but,  because  of 
theopposing  motions 
of  the  rails,  do  riot 
translate.  The  cross 
rollerbearings  (which 
are  short  cylindrical 
bearings)  rotate,  and 
each  translates  one- 
fourth  the  change  in 
distance  between  the 
fingers. 


In  tests,  the  motion  of  the  prototype  grip- 
per was  repeatable  with  an  error  of  less  than 
0.001  in,  (0.025  mm).  Such  a  high  degree 
of  repeatability  is  possible  because  the 
backlash  exists  only  in  transition  between 
opening  and  closing  motion,  and  either  mo- 
tion automatically  removes  the  backlash. 
The  preloaded  bearings  eliminate  the  re- 
peatability errors  in  directions  perpendicular 
to  the  rails.  The  tests  showed  that  the  grip- 


per responds  to  a  driving  force  of  less  than 
1  lb  (4.5  N).  The  test  also  showed  that  the 
gripper  resists  jamming  under  side  loads, 
continuing  to  open  and  close  smoothly  when 
subjected  to  side  torques  as  large  as  200 
Ib.in,  (22.6  N.m). 

This  work  was  done  by  John  M.  Vranish 
of  Goddard  Space  Flight  Center. 
GSC-13323rrN 
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Analyzing  Control/ 
Structure  Interactions 

CO-ST-IN  works  in 
conjunction  with  other 
programs  to  enhance 
analysis  of  vibrations. 

CO-ST-IN  is  a  computer  program  devel- 
oped for  NASA  to  facilitate  the  study  of 
control/structure  interactions;  ttnat  is,  the 
dynamic  coupling  between  control  sys- 
tems and  flexible  structures.  As  currently 
envisioned,  structures  for  use  in  outer 
space  are  to  be  larger  and  more  flexible 
than  contemplated  in  previous  designs.  At 
the  same  time,  increased  demands  are 
being  placed  on  the  performances  of  con- 
trol systems.  It  is  essential  to  analyze  the 
interactions  of  control  systems  with  the 
flexibilities  of  many  such  space  structures. 
CO-ST-IN  was  designed  to  complement 
and  enhance  rather  than  to  replace  those 


software  tools  for  the  analysis  of  control 
systems  and  the  dynamics  of  structures 
that  are  already  available  at  NASA. 

The  functions  performed  by  CO-ST-IN 
can  be  roughly  divided  into  three  areas: 
(1)  transfer  of  data  between  structural- 
dynamics  and  control-systems  software 
(CO-STIN  currently  supports  MSC/NA- 
STRAN,  l-DEAS,  EASY5,  and  MATRIXx  to 
various  degrees);  (2)  selection  of  vibra- 
tional modes  at  the  component  and  sys- 
tem levels  as  a  means  of  reduction  of  the 
mathematical  model  of  a  system;  and  (3) 
simulation  of  the  coupled  system  (given 
simple  controllers). 

CO-ST-IN  reduces  the  size  of  the  math- 
ematical model  of  the  structure  by  selec- 
ting vibrational  modes  of  the  system  on 
the  basis  of  input/output  coupling  (three 
algorithms  along  with  a  number  of  other 
options  are  offered).  This  enables  the 
analyst  to  use  far  fewer  modes  in  the 
coupled  analysis,  inasmuch  as  the  pro- 


gram selects  those  modes  that  are  most 
closely  coupled  to  the  inputs  to  and  out- 
puts of  the  structure.  Another  special 
capability  is  the  calculation  of  such  out- 
puts of  the  structure  as  forces  and 
stresses  in  elements,  using  either  the 
mode-acceleration  or  mode-displacement 
approach  directly  within  the  coupled 
simulation.  This  eliminates  the  need  to 
return  to  f\^SC/NASTRAN  for  recovery  of 
these  data,  shortening  the  time  required 
to  perform  an  analysis.  CO-STIN  also  sup- 
ports the  transfer  of  input  forces  for 
analysis  of  transients  in  MSC/NASTRAN. 

CO-ST-IN  was  implemented  on  a  DEC 
VAX  computer  with  the  VMS  operating 
system.  This  FORTRAN??  program  re- 
quires a  memory  of  9.4  f\/IB.  CO-ST-IN  was 
developed  in  1989. 

This  program  was  written  by  K.  Carney 
of   Lewis    Research    Center    and   P. 
Blelloch  of  SDRC,  Inc. 
LEW-14904/TN  ' 
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Decomposing  Systems  Into 
Subsystems  for  Design 

Interactions  among 
systems  are  displayed 
in  a  concise  format. 

Many  engineering  systenns  are  large, 
and  nnultidisciplinary  approaches  are  nec- 
essary to  design  thenn.  Before  the  design 
of  such  a  new,  complex  system  as  a  large 
space  platform  can  begin,  the  possible  in- 
teractions among  subsystems  and  the 
processes  in  them  must  be  determined. 
The  proposed  system  must  be  decom- 
posed to  identify  its  hierarchical  structure. 
DelvlAID  (A  Design  Manager's  Aide  for  In- 
telligent Decomposition)  is  a  knowledge- 
based  software  system  for  automating  the 
sequencing  of  the  subprocesses  in  the 
design  process  and  identifying  a  possible 
multilevel  structure  for  the  synthesis  prob- 
lem. Though  DeMAID  requires  an  invest- 
ment of  time  to  generate  and  refine  the 
interactions  among  the  processes  in  the 
equipment  subsystems  being  designed,  it 
could  save  a  considerable  amount  of 
money  and  time  in  the  total  design  proc- 
ess, particularly  in  new  design  problems 
in  which  the  ordering  of  the  subprocess- 
es of  the  design  process  has  not  been 
defined. 

The  decomposition  of  a  complex  design 
system  into  subsystems  requires  the  judg- 
ment of  the  design  manager.  DeMAID  re- 
orders and  groups  the  modules  of  equip- 


ment being  designed  (and  the  processes 
in  them)  on  the  basis  of  the  links  (interac- 
tions) among  the  modules,  helping  the 
design  manager  make  design  decisions 
early  in  the  design  cycle.  The  modules  are 
grouped  into  circuits  (the  subsystems)  and 
displayed  in  an  A/x  A/  matrix  format.  Feed- 
back links,  which  indicate  an  iterative  proc- 
ess, occur  only  within  a  circuit.  Because 
there  are  no  feedback  links  among  the  cir- 
cuits, the  circuits  can  be  displayed  in  a 
multilevel  format.  Thus,  a  large  amount  of 
information  is  reduced  to  one  or  two  dis- 
plays that  can  be  stored  for  later  retrieval 
and  modification.  The  design  manager  and 
leaders  of  the  design  teams  then  have  a 
visual  display  of  the  design  problem  and 
the  intricate  interactions  among  the  dif- 
ferent modules. 

A  substantial  amount  of  time  could  be 
saved  during  the  design  process  if  circuits 
on  the  same  level  of  the  multilevel  struc- 
ture were  executed  in  parallel.  DeMAID 
determines  the  time  saved  as  well  as  the 
number  of  processors  required.  In  addi- 
tion to  decomposing  the  system  into  sub- 
systems, DeMAID  examines  the  depen- 
dencies of  the  problem  and  creates  a 
dependency  matrix.  This  matrix  shows  the 
relationship  among  the  independent  de- 
sign variables  and  the  dependent  objec- 
tive and  constraint  functions.  Because 
DeMAID  relies  on  knowledge-based 
techniques,  the  addition  of  new  capabili- 
ties is  relatively  easy. 

The  user  begins  the  design  process  by 


determining  those  interactions  among  the 
various  modules  that  might  contribute  to 
the  solution  of  the  design  problem.  The  in- 
teractions are  determined  by  examining 
the  input  and  output  of  each  module.  A  file 
of  data  on  these  modules  is  created  for 
the  main  program.  DeMAID  then  executes 
several  functions  through  a  system  of 
menus.  The  user  has  the  choice  to  plan, 
schedule,  display  the  /Vx  A/  matrix,  display 
the  multilevel  organization,  examine 
parallelism,  or  examine  the  dependency 
matrix.  Each  of  these  functions  loads  a 
rule  file,  asserts  facts  from  a  data  file  into 
the  knowledge  base,  and  applies  the  rules 
to  the  facts  via  the  CLIPS  inference  engine. 

DeMAID  was  written  in  FORTRAN  77 
for  a  DEC  VAX  computer  running  the  VMS 
operating  system.  The  program  runs  with 
the  VAX  GKS  graphics  software  system  but 
can  easily  be  modified  to  run  with  another 
graphics  system.  The  CLIPS  4.2  run-time 
library  is  included  with  the  program. 
DeMAID  has  a  memory  requirement  of 
200  KB  and  was  developed  in  1989. 

This  program  was  written  by  James  L 
Rogers,  Jr,  of  Langley  Research  Center 
LAR-142W/TN 
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Grasping-Force  Sensor  for  Robot  Hand 

Claws  remain  aligned  during  grasping. 


A  grasping-force  sensor  is  designed  for 
use  on  a  robot  hand  tliat  includes  inter- 
digitating  claws  that  are  required  to  rennain 
in  alignment.  Like  other  robotic  grasping- 
force  sensors,  it  relies  on  strain-gauge 
nneasurements  of  the  deflection  of  part  of 
the  grasping  mechanisnn.  However,  the  de- 
sign of  the  grasping-force  sensor  is  inte- 
grated with  that  of  the  grasping  mech- 
anism in  such  a  way  that  unlike  in  prior 
designs,  the  deflection  caused  by  the 
grasping  force  does  not  disturb  the  angular 
alignment  of  the  claws. 

The  figure  shows  the  claw  assembly 
mounted  within  a  supporting  channel.  A 
motor-and-gear  assembly  mounted  on  a 
resilient  base  (not  shown)  moves  the  claws 


toward  or  away  from  each  other  along  two 
columns.  The  claws  are  mounted  on  elas- 
tic base  frames  (the  deflecting  elements), 
which,  in  turn,  are  mounted  on  sliding 
frames  that  move  along  the  columns.  Un- 
like in  prior  designs,  the  claws  can  be  in- 
stalled, removed,  or  interchanged  with 
other  end  effectors  without  having  to  dis- 
assemble the  actuating  mechanism. 

The  hollow  rectangular  cross  sections 
of  the  base  frames  make  the  frames  act 
similarly  to  parallelogram  linkages  when 
they  are  subjected  to  the  grasping  force 
directed  along  their  vertical  (as  shown  in 
the  figure)  sides.  The  horizontal  (as  shown 
in  the  figure)  sides  bend  in  the  manner  of 
cantilever  beams,  while  the  vertical  sides 


The  Grasping-Force  Sensor  is  an  integral  part  of  the  grasping 
claw  assembly  on  the  robot  hand.  The  base  frames  deflect 
elastically,  partly  in  the  manner  of  a  cantilever  beam  and  partly  in 
the  manner  of  a  parallelogram  linkage.  Strain  gauges  measure 
the  grasping  forces  by  measuring  the  deflections. 


Robot.Hand  Housing 
(Contains  Molof-an<].Gflv  Assembly) 


Sliding  Ffsms 

8ss6  Frame 


Supporting 
Channel 


ROBOT  HAND  EQUIPPED  WFTH  CLAWS  AND  aRASPINO-FORCE  SENSOR 

Strain  Qaugefl  Sliding  Frame 

Base  Frame 


DETAIL  OF  BASE  FRAME  ON  SLIOINO 
FRAME,  SHOWING  STRAIN  QAOES 


DETAIL  OF  DEFLECTION 
OF  BASE  FRAME 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer  Gordon  S. 
Chapman 
tVlail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel 
Paul  F.  McCaul 
(Vlail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr  for  JPL  Norman 
L.  Chalfin 
Ma\\  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


remain  parallel.  The  claws  and  the  sliding 
frame,  which  are  attached  to  the  vertical 
sides,  therefore  remain  aligned.  The  distor- 
tion of  the  base  frame  causes  a  very  small 
horizontal  translation  of  the  claws  toward 
the  sliding  frame,  but  both  claws  translate 
by  the  same  amount  and  thereby  remain 
horizontally  translationally  as  well  as  angu- 
larly aligned.  Even  if  one  claw  encounters 
an  obstacle  that  the  other  does  not  en- 
counter, there  is  only  a  small  horizontal 
misalignment,  but  the  claws  remain  angu- 
larly aligned. 

Two  strain  gauges  are  mounted  on  the 
outer  surface  of  each  base  frame,  and  two 
matching  gauges  are  mounted  on  the 
sliding  frame  structure  on  which  each 
base  frame  is  mounted.  These  gauges  are 
connected  in  a  full-bridge  configuration 
that  measures  the  deflection  along  the  axis 
of  motion  of  the  claws  toward  or  away 
from  each  other  (the  vertical  axis  in  the 
figure).  The  outputs  of  the  strain-gauge 
bridge  circuits  are  transmitted  to  the  robot- 
control  computer,  which  converts  them  in- 
to indications  of  the  grasping  force.  With 
the  help  of  this  sensing  system,  the  op- 
erator can  feel  the  initial  contact  between 
the  claws  and  an  object  and  modify  the 
motions  of  the  robot  arm,  hand,  and  claws 
accordingly. 

This  work  was  done  by  Victor  D. 
Scheinman,  Antal  K.  Bejczy,  and  Howard 
K.  Primus  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  Its  commercial  use  should  be 
addressed  to 

Edward  Ansell 

Director  of  Patents  and  Licensing 

Mall  Stop  305-6 

California  Institute  of  Technology 

1201  East  California  Boulevard 

Pasadena.  CA  91125 
Refer  to  NPO-16647/TN. 
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Improved  Panel- 
Method/Potential- 
Flow  Code 

The  size  of  the  program 
can  be  adapted  to  the 
capacity  of  the  computer. 

Panel-mettiod  computer  programs  are 
software  tools  of  moderate  cost  used  for 
solving  a  wide  range  of  engineering  prob- 
lems. The  panel  code  PMARC  (Panel  Meth- 
od Ames  Research  Center)  can  numerical- 
ly simulate  the  flow  field  around  complex 
three-dimensional  bodies,  such  as  com- 
plete aircraft  models.  PMARC  is  based  on 
potential-flow  theory.  The  code  is  written 
in  standard  FORTRAN  77,  with  the  excep- 
tion of  the  namelist  extension  used  for  in- 
put. The  structure  of  PMARC  facilitates  the 
addition  of  new  features  to  the  code  and 
the  tailoring  of  the  code  to  specific  prob- 
lems and  computer  hardware  constraints. 

In  a  panel  method,  the  surface  of  the 
body  over  which  the  flow  field  is  to  be  com- 
puted is  represented  by  a  set  of  panels. 
Singularities  are  distributed  on  the  panels 
to  pertur-b  the  flow  field  around  the  body 
surfaces.  PMARC  uses  source  and  doublet 
singularities,  distributed  uniformly  over 
each  panel.  Since  the  singularity  strength 
is  constant  on  each  panel,  the  method  is 
labeled  a  low-order  panel  method.  Higher- 
order  panel  methods  allow  the  singularity 
strength  to  vary  linearly  or  quadratically 
across  each  panel.  Experience  has  shown 
that  low-order  panel  methods  can  provide 
nearly  the  same  accuracy  as  higher-order 
methods  over  a  wide  range  of  cases,  with 
significantly  reduced  computation  times; 
hence,  the  low-order  formulation  was  adopt- 
ed for  PMARC. 

To  avoid  unnecessary  duplication  of  pre- 
vious work,  existing  software  was  utilized 


whenever  possible  to  reduce  the  develop- 
ment time  of  PMARC.  The  basic  potential- 
flow  computational  methods  and  tech- 
niques were  patterned  after  the  1 ,000-panel 
version  of  VSAERO  (developed  by  Analyti- 
cal Methods,  Inc.),  which  is  currently  avail- 
able through  COSMIC. 

The  flow  problem  is  solved  by  model- 
ing the  body  as  a  closed  surface  dividing 
space  into  two  regions:  the  region  exter- 
nal to  the  surface  in  which  an  unknown 
velocity  potential  exists  representing  the 
flow  field  of  interest,  and  the  region  inter- 
nal to  the  surface  in  which  a  known  veloci- 
ty potential  (representing  a  fictitious  flow) 
is  prescribed  as  a  boundary  condition. 
Both  velocity  potentials  are  assumed  to 
satisfy  Laplace's  equation.  A  surface  in- 
tegral equation  for  the  unknown  potential 
external  to  the  surface  can  be  written  by 
applying  Green's  theorem  to  the  external 
region.  Using  the  internal  potential  and 
zero  flow  through  the  surface  as  boundary 
conditions,  the  unknown  potential  exter- 
nal to  the  surface  can  be  solved  for. 

The  management  of  the  data  within  the 
PMARC  code  is  highly  optimized.  All  of  the 
arrays  within  the  code  are  adjustable  ar- 
rays; thus,  the  size  of  the  code  (i.e.,  the 
number  of  panels  that  it  can  handle)  can 
be  changed  very  quickly.  This  allows 
PMARC  to  be  sized  to  run  on  anything  from 
a  personal  computer  like  a  Macintosh  to 
a  supercomputer  like  the  Cray  Y-MP  The 
output  and  plot  files  from  PMARC  have 
been  organized  to  maximize  the  amount 
of  information  they  contain  while  mini- 
mizing their  size. 

The  present  version  of  PMARC  includes 
several  advanced  features.  The  first  is  an 
internal-flow  modeling  capability  that  al- 
lows the  analysis  of  closed  ducts,  wind 
tunnels,  and  similar  internal-flow  problems. 
When  the  internal-flow  option  is  selected, 
the  geometry  is  modeled  such  that  the 


flow  field  of  interest  is  inside  the  geometry 
and  the  fictitious  flow  is  outside  the  geom- 
etry Items  such  as  wings,  struts,  or  air- 
craft models  can  be  included  in  the  inter- 
nal-flow problem. 

A  second  feature  is  a  simple  jet  model 
that  allows  the  modeling  of  the  gross  ef- 
fects of  a  jet  in  crossflow.  The  shape,  tra- 
jectory, and  entrainment  velocities  of  the 
plume  are  computed  by  use  of  the  Adier/ 
Baron  jet  in  crossflow  code.  This  informa- 
tion is  then  passed  back  to  PMARC. 
PMARC  creates  a  plume  using  surface 
panels  at  the  boundary  of  the  plume  as 
computed  by  Adier/Baron.  Entrainment  is 
modeled  by  specifying  normal  velocities 
on  each  panel  making  up  the  jet  plume. 

A  third  feature  is  a  time-stepping  wake 
model  that  gives  PMARC  the  ability  to 
model  both  steady-  and  unsteady-flow  prob- 
lems. The  wake  is  convected  downstream 
from  the  wake-separation  line  by  the  local 
velocity  field.  With  each  time  step,  a  new 
row  of  wake  panels  is  added  to  the  wake 
at  the  wake-separation  line.  Time  stepping 
can  start  from  time  t  =  0  (no  initial  wake) 
or  from  time  t  =  \q  (an  initial  wake  is 
specified). 

The  PMARC  computer  code  is  current- 
ly available  through  COSMIC.  The  default 
distribution  media  are  three  3.5-in.  stand- 
ard Apple  Macintosh  diskettes  (also  avail- 
able on  VAX  TK-50  tape  cartridge  or  VAX 
9-track  tape  if  requested). 

This  program  was  written  by  Dale  L. 
Asliby  of  Ames  Research  Center. 
ARC-12642/TN 

FOR  ADDITIONAL  INFORMATION 

CONTACT 

COSMIC-' 

112  Barrow  Hall 
University  of  Georgia 
Athens.  GA  30602 

(404)  542-3265 
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Adjustable  Support  for  Instrument  Package 

A  structure  can  be  adapted  to  a  variety  of  configurations. 


A  strong,  lightweight  structure  is  de- 
signed to  support  an  instrument  package. 
The  structure  provides  a  choice  of  attach- 
ment locations  to  accommodate  a  varie- 
ty of  sizes  and  shapes.  This  structure  is 
being  used  for  the  submillimeter-wave 
astronomy  satellite. 

The  structure  is  a  bridge  composed  of 
seven  webbed  metal  parts  (see  figure). 
Honeycomb  panels  (not  shown)  cover  the 
vertical  sides  of  the  structure.  The  instru- 
mentation package,  such  as  a  telescope 
or  infrared  sensor,  is  bolted  to  the  top  of 
the  structure.  The  accompanying  elec- 
tronics boxes  are  mounted  on  the  inside 
surfaces  of  the  panels.  The  weight  of  the 
instrumentation  is  carried  in  direct  paths 
through  the  webbed  members  to  the  base 
plate. 


Slots  or  sets  of  holes  in  the  top  and  base 
plates  provide  a  range  of  bolting  locations. 
In  each  of  these  plates,  the  package  can 
be  bolted  at  any  four  locations  equidistant 
from  the  axis  of  symmetry  If  the  bolt  cir- 
cle of  the  package  is  exceptionally  large, 


The  Members  of  the 
Structure  Are  Adjust- 
able to  accommodate 
various  sizes  and 
bolthole  locations.  The 
structure  can  be  in- 
verted to  accommo- 
date a  wider  bolt  circle 
on  the  top  plate. 


the  bridge  can  be  inverted  to  extend  the 
bolting  range.  The  direct  load  paths  to  the 
base  plate  are  retained. 

This  work  was  done  by  Gary  Sneider- 
man  of  Goddard  Space  Flight  Center. 
GSC-13381/TN 
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Detection  of  Motion  With  a  Phase-Conjugate  IVIirror 

A  photorefractive  image-processing  apparatus  acts  as  a  novelty  filter. 


A  photorefractive  image-processing  ap- 
paratus generates  images  of  rapidly  mov- 
ing objects  and  suppresses  images  of 
stationary  and  slowly  moving  objects.  Ttiis 
apparatus  is  an  optical  analog  ot  the  track- 
ing novelty  filters  that  have  been  used 
since  the  early  days  of  radar  to  keep  im- 
ages from  being  cluttered  by  stationary  ob- 
jects. Although  novelty  filters  can  be  im- 
plemented easily  via  digital  processing, 
optical  processing  is  analogous  to  mas- 
sively parallel  digital  processing  and,  for 
this  and  other  reasons,  is  potentially  much 
faster 

The  apparatus  (see  figure)  resembles 
the  one  described  in  the  preceding  arti- 
cle, "Improved  Interferometnc  Photorefrac- 
tive Optical  Processor"  (NPO-17773).  The 
principle  of  operation  is  similar  except  that 
the  system  includes  two  video  cameras 
and  instead  of  transparencies,  electro-op- 
tical spatial  light  modulators  are  used  to 
impress  the  image  information  from  video 
camera  1  on  laser  beams  SI  and  S2.  The 
image  pattern  is  transformed  in  the  spatial 
light  modulator  to  a  corresponding  pattern 
of  variations  of  the  index  of  refraction  and, 
equivalently  of  the  length  of  the  optical 
path.  Beams  Si  and  S2  are  aligned  in  such 
a  way  that  the  apparatus  acts  as  image 
subtracter;  that  is,  the  output  image  in 
video  camera  2  shows  the  difference  be- 
tween the  two  input  images. 

The  input  image  fed  to  one  of  the  spatial 
light  modulators  is  delayed  by  a  preset  in- 
ten/al.  In  those  parts  of  the  scene  in  which 
objects  are  stationary  or  moving  slowly 
with  respect  to  both  the  delay  and  the  re- 
sponse time  of  the  photorefractive  crystal, 
the  image-subtraction  process  yields  no 
output  image.  When  an  object  in  the  scene 
moves  rapidly  enough  to  give  rise  to  an 
observable  difference  between  the  imme- 
diate and  delayed  input  images,  the  image- 
subtraction  process  puts  out  the  difference 
image,  which  is  the  image  of  the  moving 
object. 


Output 


Television 

Camera  2        Spatial  Light 
'  Modulator  2 


This  Refractive  Im- 
age-Subtracting 
Apparatus  operates 
on  the  four-wave- 
mixing  principle  of 
the  similar  apparatus 
of  the  previous  arti- 
cle. In  this  case,  the 
output  image  consists 
of  the  rapidly  varying 
part  of  the  input  im- 
age. 


The  minimum  detectable  speed  is  ap- 
proximately the  spatial  resolution  of  the  ap- 
paratus as  a  whole  divided  by  the  photore- 
fractive-response  time  (the  time  required 
to  form  the  index-of-refraction  gratings). 
This  response  time  depends  on  the  photo- 
refractive material  (in  this  case,  GaAs)  and 
is  proportional  to  the  square  of  the  spatial 
period  of  a  grating  and  inversely  propor- 
tional to  the  intensity  of  illumination.  Both 
of  these  quantities  can  be  varied  to  ob- 
tain a  response  time  between  tens  of  mi- 
croseconds and  a  large  fraction  of  a  sec- 
ond At  the  shortest  response  times,  the 
gratings  can  adjust  rapidly  enough  to 
accommodate  themselves  to  mechani- 
cal vibrations  and  air  turbulence,  thereby 
suppressing  image  noise  that  would  other- 
wise be  generated  by  such  environmen- 
tal fluctuations. 

This  work  was  done  by  Li-Jen  Cheng 
and  Tsuen-Hsi  Liu  of  Caltech  for  NASA's 
Jet  Propulsion  Laboratory. 

This  invention  is  owned  by  NASA,  and 


a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA's  Resident  Office- 
JPL.  Refer  to  NPO-17784/TN. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer  Gordon  S. 
Chapman 
Mall  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354^849 
Patent  Counsel 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena.  CA  91109 
(818)  354-2240 
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Fact  Sheet 


STUDY  OF  RECYCLED  PLASTIC  COMPOSITES 
FOR  HIGHWAY  APPLICATIONS 

PROBLEM 

Many  state  DOTs  have  experienced  a  shortage  of  timber  for  sign  posts,  guard  rail  posts,  and  blocks. 
In  1990  the  Cold  Regions  Research  and  Engineering  Laboratory  and  the  Federal  Highway  Administration 
began  a  joint  research  program  to  explore  the  use  of  recycled  plastic  composite  materials  for  roadside 
safety  hardware  in  areas  having  low  winter  temperatures.  Early  tests  using  samples  of  one  hundred  per- 
cent recycled  plastic  waste  showed  numerous  voids  and  cavities  in  the  interior  of  the  materials,  rending 
them  unsatisfactory  for  high  impact  uses. 

SOLUTION 

CRREL  and  FHWA  since  have  found  a  company  that  has  developed  a  technology  that  blends  plastic 
waste  with  sawdust  to  produce  a  plastic  lumber  product  closely  resembling  wood.  It  is  approximately  fifty 
percent  wood  and  is  free  of  the  air  cavities  and  voids  often  found  in  recycled  plastic  lumber.  Initial  tests 
produced  poor  results  because  the  sawdust  and  plastic  flakes  were  not  uniformly  distributed  by  size;  chips 
of  wood  lodged  in  the  matrix  became  locations  of  flaws  that  led  to  failure.  After  research  by  and  discus- 
sions with  CRREL,  the  manufacturer  developed  an  improved  processing  technique  that  produced  a  more 
uniformly  grained  texture. 

RESULTS 

In  October  1991,  a  full-scale  test  was  performed  at  the  FHWA's  Turner  Fairbank  Research  Center.  A 
4000-lb.  vehicle  moving  at  60  miles  per  hour  hit  the  composite  guard  rail  system  at  a  20-degree  angle.  Of 
fifty  posts,  only  three  totally  failed;  the  two  posts  immediately  adjacent  to  both  sides  of  the  failed  posts 
were  bent  30  to  45  degrees  and  the  rest  of  the  posts  remained  intact. 

Initial  reaction  was  that  the  test  was  successful.  FHWA  soon  may  approve  demonstration  installation 
of  the  composite  guard  rail  post  and  block  system  on  national  highways.  In  cooperation  with  the  Vermont 
D^pai'tment  of  Transportation  and  FHWA,  CRREL  has  planned  to  carry  out  a  two-year  performance  test 
of  the  composite  at  two  sites  in  Vermont.  Results  of  this  investigation  will  be  published  as  a  CRREL/ 
FHWA  report  by  July  1992. 

CONTACT 

Dr.  Piyush  Dutta 

U.S.  Army  Cold  Regions  Research  and  Engineering  Laboratory 

72  Lyme  Road,  Hanover,  New  Hampshire  03755-1290 

603-646-4212 

FAX  603-646-4640 

FTS  561-4212 


January  1992 


CRREL,  72  Lyme  Road,  Hanover,  NH  03755-1290 


US  Army  Corps 
of  Engineers 

Cold  Regions  Research 
Engineering  Laboratory 
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Argonne  National  Laboratory 


Microwaves  Destroy  Waste 


A  new  technology  that  uses 
microwaves  to  destroy  gaseous  wastes 
associated  with  the  natural-gas  and  oil- 
refining  industries  is  being  tested  at 
the  U.S.  Department  of  Energy's  Ar- 
gonne National  Laboratory.  The  tech- 
nology splits  hydrogen  sulfide  gas,  a 
natural-gas  impurity  and  an  oil-refining 
waste,  into  sulfur  and  hydrogen,  said 
Argonne  scientist  John  Harkness. 

The  sulfur  can  be  sold,  and  the 
hydrogen  can  be  burned  as  fuel  or 
recycled  for  oil  refining,  he  said.  Con- 
ventional methods  of  treating 
hydrogen-sulfide  waste  reclaim  only 
sulfur. 

Before  natural  gas  goes  into  the 
pipeline,  Harkness  said,  it  is  purified 
to  remove  naturally  occurring 
hydrogen  sulfide.  The  resulting  waste 
stream  can  contain  as  much  as  90  to  95 
percent  hydrogen  sulfide. 

With  further  study  and  development, 
Argonne's  microwave  technology  could 
help  reduce  costs  for  the  natural-gas 
industry  by  breaking  down  hydrogen 
sulfide  and  capturing  hydrogen  for  use 
as  fuel,  he  said. 

Conventional  technologies  for  remov- 
ing hydrogen  sulfide  cost  as  much  as 
$500  per  ton  of  sulfur  removed,  Hark- 
ness said.  "It's  possible  that  our  tech- 
nology could  show  a  small  profit  for 
the  sulfur  removal  portion  of  natural 
gas  purification." 

Similar  opportunities  exist  at  oil 
refineries,  Harkness  said.  If  hydrogen 
were  recovered  from  hydrogen-sulfide 


treatment  at  every  U.S.  oil  refinery,  the 
U.S.  economy  could  save  about  70  tril- 
lion Btus  of  energy,  the  equivalent  of 
70  biUion  cubic  feet  of  natural  gas. 

After  the  gas  is  broken  down,  he  said, 
sulfur  vapor  is  condensed  and  col- 
lected as  a  liquid.  Remaining  gases 
are  purified,  hydrogen  is  separated  for 
recycling,  and  impurities  are  converted 
into  harmless  carbon  dioxide  and 
water.  Any  unconverted  hydrogen  sul- 
fide is  mixed  with  waste  gases  and  sent 
back  through  the  reactor. 

Experiments  at  Argonne,  Harkness 
said,  have  shown  that  specially 
designed  microwave  reactors  can  con- 
vert as  much  as  98  percent  of 
hydrogen  sulfide  into  hydrogen  and 
sulfur.  "The  process  is  compatible 
with  impurities  typically  found  in 
gaseous  waste  streams  at  petroleum 
refineries,  but  we  need  to  do  more 
work  to  see  if  it  is  compatible  with 
higher  impurity  levels  often  found  in 
natural-gas  waste  streauns." 

Argonne's  research  on  this  project  is 
funded  jointly  by  the  Gas  Research  In- 
stitute (GRI)  and  the  U.S.  Department 
of  Energy's  Office  of  Conservation  and 
Renewable  Energy.  GRI  is  a  not-for- 
profit  research  sa\d  development  or- 
ganization that  works  on  behalf  of  the 
natural  gas  industry  ajid  its  customers, 
funding  research  and  development  in 
gas  end  use,  supply  and  operations. 

For  further  information,  contact  Dr. 
Paul  Betten,  (708)  972-5361. 
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Solar  Detox  System 


Promising  results  have  been  shown  in 
an  important  test  for  a  new  technology 
which  uses  a  famiUar  source  of  energy- 
-sunlight--to  clean  up  hazardous 
chemicals  that  pollute  groundwater  in 
many  parts  of  the  country.  The  results 
in  the  experiment  using  solar 
detoxification  were  announced  by  the 
Solar  Energy  Research  Institute 
(SERI)  in  Golden,  Colorado.  The  test 
is  at  an  EPA  Superfund  site  at  the 
Lawrence  Livermore  National 

Laboratory  (LLNL)  in  California. 

In  the  experiment,  the  toxic  compound 
trichloroethylene  (TCE)  in  con- 
taminated groundwater  was  destroyed 
to  a  concentration  level  of  less  than 
one  part  per  billion.  The  national 
drinking  water  standard  set  by  the  En- 
vironmental Protection  Agency  (EPA) 
is  five  parts  per  billion.  The  results 
agree  with  performance  predictions 
made  by  engineers  developing  the  sys- 
tem. 

Solar  detoxification  takes  advantage  of 
how  sunlight  interacts  with  matter. 
The  process  involves  pumping  polluted 
water  through  long,  narrow  glass  tubes 
called  reactors.  Curved  glass  troughs 
reflect  sunlight  directly  onto  the  reac- 
tor. Before  the  water  is  pumped 
through  the_system,  a  compound  that 
acts  as  a  photocatalyst  is  added.  High- 
energy  photons  b  sunlight  interact 
with  the  catalyst  and  break  down  the 
toxic  chemicals  into  nontoxic  products. 

The  Lawrence  Livermore  National 
Laboratory  sits  on  land  that  was  used 
as  a  naval  air  training  facihty  in  World 
War  II.  Groundwater  at  the  site  is 
contaminated  with  TCE,  a  toxic  chemi- 
cal used  as  an  industrial  cleaner  until 
the  late  1960s.  TCE  was  used  at  the 
trziining  facility  to  clean  Eiircraft  engine 
parts.  Solar  detoxification  is  one  of 
the    technologies    being    studied    for 


cleaning  up  the  groundwater  at  the 
site.  The  solar  detoxification  project 
at  Lawrence  Livermore  is  scheduled  to 
run  for  one  to  two  years. 

In  announcing  the  field  lest,  which 
began  in  July,  Dr.  Duane  Sunderman, 
SERI  Director,  said,  'Toxic  chemicals 
pose  a  serious  environmental  threat  to 
groundwater  in  many  parts  of  the 
country.  This  experiment  is  an  impor- 
tant step  in  showing  that  sunlight  can 
be  an  effective  means  of  cleaning  up 
contaminated  water  in  an  environmen- 
tally safe  way." 

The  prototype  solar  detoxification  sys- 
tem built  at  Lawrence  Livermore  is 
portable.  The  support  equipment  will 
be  mounted  on  a  platform  and  can  be 
transported  on  a  flatbed  truck,  along 
with  the  reactors  and  troughs.  The  en- 
tire system  can  be  trucked  from  one 
cleanup  site  to  another. 

The  importance  of  the  LLNL  field  ex- 
periment was  underscored  by  Alan 
Laxson,  the  project's  manager  at 
SERI.  "We're  using  a  free  source  of 
energy,  the  sun.  to  destroy  hazardous 
chemicals,"  he  said.  "Our  goal  is  to 
make  a  solar  system  that  is  economi- 
cally competitive  with  other  methods 
of  cleaning  up  polluted  water.  The 
solar  detoxification  system  can  clean 
up  groundwater  on-site-you  don't 
have  to  collect  the  toxic  chemicals  on 
carbon  or  some  other  substance  and 
transport  them  elsewhere  for  treat- 
ment." 

The  solar  technology  generated  by 
these  efforts  should  be  commercially 
available  by  1995,  under  DOE's  tech- 
nology transfer  program. 

For  further  information,  contact  Dana 
Moran,  (303)  231-7115. 
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Technology  Application 


Ames  Laboratory 


Robot  Probe  to  Minimize  Risks  for  Scientists 

Real-time  analysis  of  hazardous  wastes 


Ames  Laboratory  scientists  are  developing  an  analytical  system  housed  in  a  robot  that  will 
perform  real-time  analyses  of  hazardous  waste  by  remote  control,  saving  time  and  reducing  risks 
incurred  by  older  methods.Thc  Ames  work  in  this  area  will  enable  the  United  States  to  be  competitive 
with  Britain,  Germany,  France  and  Japan,  who  are  also  developing  similar  technologies  for  remote 
analysis. 

The  new  systcrn  is  an  innovative  application  of  Inductively  Coupled  Plasma-Atomic  Emission 
Spectroscopy  (ICP-AES),  an  analytical  technique  originally  developed  at  Ames  Laboratory.  The 
technique  has  since  become  a  standard  tool  of  analytical  chemists  worldwide.  Using  a  sample  of  less 
than  a  milligram,  the  new  technique  can  identify  almost  60  elements,  often  at  the  parts-per-million 
level. 

Early  versions  of  the  new  ICP-AES  system  will  be  contained  in  two  trailers  that  scientists  can 
drive  to  hazardous  waste  sites.  At  the  site,  scientists  inside  the  main  trailer  will  be  able  to  obtain 
analytical  information  on  surface  and  subsurface  samples  with  a  maneuverable  robotic  probe.  In  later 
versions  of  the  system,  engineers  hope  to  mount  the  entire  apparatus  on  a  remote-control  trailer  that  can 
be  directed  to  hazardous  waste  sites  from  a  safe  area  a  kilometer  away. 

Lockheed  Missiles  and  Space  Corporation  is  taking  an  interest  in  the  new  technology  under 
development.  The  company  sponsored  three  students  from  the  University  of  Texas  at  Austin  who,  for 
their  senior  design  project,  chose  to  design  the  robotic  probe  scientists  will  use  for  subsurface  analyses.. 

An  optical  fiber-based  laser  delivery  system  in  the  robot  probe  will  vaporize  samples.  A 
stream  of  argon  gas  will  then  channel  the  ablated  samples  into  the  inductively-coupled  argon  plasma 
torch  that  is  the  heart  of  ICP-AES.  Optical  radiation  emitted  by  the  sample  while  it  is  in  the  plasma 
will  be  analyzed  to  determine  the  sample's  components.  Material  not  dissociated  by  the  plasma  will  be 
trapped  by  a  filtering  system. 

Engineers  will  acquire  subsurface  samples  by  using  a  vibratory  hammer  to  pound  a  specially 
designed  cylindrical  probe  into  the  ground.  The  probe,  open  on  top  and  capped  on  the  bottom,  will  have 
windows  every  five  feet  for  sample  acquisition. 

The  new  system  will  acquire  and  test  samples  remotely,  eliminating  any  chance  of  exposing 
technicians  to  hazardous  wastes.  On-site  analysis  will  also  remove  any  risks  normally  incurred  when 
transporting  samples  to  laboratories  for  analysis.  Real-time  testing  of  contaminants  will  eliminate  the 
weeks  spent  waiting  for  test  results  and  allow  scientists  to  quickly  implement  cleanup  measures. 

The  system  will  be  useful  for  analyzing  most  inorganic  compounds  in  radioactive  wastes.  It  may 
also  prove  useful  for  some  industrial  applications,  such  as  remote  analysis  of  molten  metals  or  other 
hazardous  materials. 
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Literature:  "Simultaneous  or  sequential  determination  of  the  elements  at  all  concentration  levels— the 

Renaissance  of  an  old  approach,"  V.  Fasscl,  Analytical  Chcmisiry,  51,p.l290A,1979. 

Patent/License  Status:   Disclosure  filed. 

Potential  Applications/Spinoffs:  Remote  analysis  of  hazardous  wastes. 

For  More  Information  on  this  Technology:  Contact  Daniel  E.  Williams,  Office  of  Research  and 

Technology  Application,  Ames  Laboratory,  119  Office  and  Laboratory,  Iowa  State  University,  Ames, 

Iowa  50011  (515)294-2635. 
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Manufacturing,  Machinery  & 
Tools 


0284  Sandia  Creates  Center  for  Solder  Science  and  Technology 

0285  Sounding  Out  Defects— Ultrasonic  system  benefits  Iowa  industry 

0286  Thiermal  Spray  Coating  Thickness  Gage 

0287  Grinding  Machine  for  Watertight  Hatch  Lugs  Developed 

0288  Graphite  Aluminum  Tube  Fabrication 

0289  Advances  in  the  Composite  Wort<station 

0290  Advanced  Machine  Tool  Controller 

0291  Repairing  a  Shaft  Prone  to  Fatigue— The  shaft  of  a  hydraulic  motor  now 
outlives  its  bearings. 

0292  Expert  System  for  Heat  Exchanger — Diagnosis  is  simplified  for  non- 
engineers. 

0293  Rotary-to-Axial  Motion  Converter  for  Valve — The  mechanical  advantage 
varies  to  provide  maximum  force  of  translation  where  each  is  most 
needed. 

0294  Vacuum  Powder  Injector— Neat  resin  coats  are  applied  uniformly  to 
bundles  of  fiber  tow.  (Licensing  Opportunity) 

Other  Items  of  Interest 

0235     System  for  Research  on  Multiple-Arm  Robots— A  modular  system 
provides  flexibility  for  programming  and  control 

0265     Hidden-Markov-Model  Analysis  of  Telemanipulator  Data— Forces  and 
torques  are  analyzed  by  extension  of  a  method  previously  applied  to 
speech. 

0272  Redundant  Robot  Can  Avoid  Obstacles — Configuration  control  would 
exploit  the  extra  degrees  of  freedom.  (Licensing  Opportunity) 

0273  Viselike  Robotic  Gripper — A  split-rail/roller  bearing  system  minimizes 
tx)th  friction  and  jamming  under  side  loads. 

0295  Materials  Joining  and  Surfacing  Technologies 
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Technology  Application 


Sandia  National  Laboratory 

Sandia  Creates  Center  for  Solder  Science  and 
Technology 


Sandia  National  Laboratories  has  established  a  Cen- 
ter for  Solder  Science  and  Technology  to  aid  in  the 
understanding  of  an  overlooked  but  crucial  manufactur- 
ing process. 

The  center  is  working  closely  with  industry,  univer- 
sities, and  other  government  research  facilities  to  im- 
prove solder  techniques,  which  have  not  kept  pace  with 
the  industries  that  depend  upon  them.  For  example, 
solder  failure  is  the  prime  cause  of  failures  in  electronic 
equipment. 

Solder  technology  also  must  respond  to  environmen- 
tal concerns.  Current  solder  techniques  often  require  the 
use  of  chlorinated  and  fluorinated  solvents,  which  the 
1990  Clean  Air  Act  calls  for  phasing  out.  And  soft  solder 
typically  contains  40  percent  lead,  an  element  deter- 
mined to  be  a  health  risk. 

To  address  both  the  quality  and  environmental 
concerns  associated  with  solder,  Sandia  established  the 
Center  for  Solder  Science  and  Technology  jointly  under 
the  Metallurgy  Department  and  the  Electronic  Intercon- 
nections. Packaging,  and  Calibration  Department,  man- 
aged by  Alton  D.  Romig  Jr.  and  Thomas  J.  Young 
respectively. 


The  center  is  part  of  the  Institute  for  Materials 
Joining,  which  was  established  by  the  Materials  and 
Process  Sciences  Directorate.  Robert  J.  Eagein,  director 
of  that  group,  says  Sandia  can  call  upon  a  rich  back- 
ground in  soldering  technology,  including  both  funda- 
mental and  applied  solder  research,  solder  engineering 
and  design  support,  and  thorough  failure  analysis. 

"Sandia  has  been  a  leader  in  soldering  since  the  early 
1970s,  when  two  Sandians  invented  the  hot-air  solder 
leveler,  a  technology  that  has  saved  printed  circuit  board 
manufacturers  billions  of  dollars,"  Eagan  says. 

Frederick  G.  Yost,  who  has  a  prime  role  in  establish- 
ing and  coordinating  the  Sandia  solder  center,  reports 
that  the  center  already  is  working  with  several  industry 
partners  and  is  pursuing  other  relationships  through  the 
mechanism  of  cooperative  research  and  development 
agreements  (CRADAs). 

FOR  ADDITIONAL  INFORMATION:  Technical 
Contact:  Frederick  Yost  (505)844-5278,  Department  of 
Energy,  Sandia  National  Laboratories,  Albuquerque,  NM 
87185-5800. 
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Technology  Application 


Ames  Laboratory 


Sounding  Out  Defects 

Ultrasonic  system  benefits  Iowa  industry 


A  new  ultrasonic  inspection  system  has  been  installed  at  John  Deere  Waterloo  Works, 
Waterloo,  Iowa,  enabling  this  leading  manufacturer  to  inspect  the  quality  of  steel  raw 
materials  and  prevent  the  manufacture  of  potentially  defective  parts.  John  Deere  Waterloo 
Works  is  the  source  of  components  used  in  farm  equipment  and  heavy  machinery  sold 
worldwide. 

The  installation  of  the  system  culminates  more  than  six  years  of  technology  transfer 
efforts  that  involved  government,  university  and  private  sector  parties,  and  merited  a  1991  FLC 
Special  Award  for  Excellence  in  Technology  Transfer. 

The  insp>ection  system  emerged  from  basic  research  work  that  was  supported  by  the 
Ames  Laboratory  (DOE),  the  U.  S.  Air  Force  (through  Work  for  Others)  and  a  National  Science 
Foundation  industrial  partnership  program.  The  goal  of  the  basic  research  was  to  develop 
ultrasonic  methods  that  could  be  used  to  detect  flaws  nondestructively  and  evaluate  and 
characterize  materials. 

As  this  work  was  progressing,  Deere  engineers  and  managers  in  another  part  of  the  stale 
were  becoming  concerned  with  the  quality  of  incoming  raw  materials,  primarily  steel  bar  stock 
and  forgings.  When  none  of  the  commercially  available  inspection  technologies  could  meet 
their  needs,  they  turned  to  Ames  for  expertise  in  nondestructive  evaluation  research  and 
development. 

Development  work  on  the  inspection  system  was  already  taking  place  in  the  Iowa  Stale 
University  Center  for  Nondestructive  Evaluation  (CNDE),  and  researchers  there  convinced 
Deere  that  the  technology  could  meet  their  need.  The  subsequent  developmental  work  for  the 
prototype  instrument  and  software  was  funded  by  the  Deere  &  Company  Technical  Center  in 
Moline,  Illinois,  and  by  Deere's  Waterloo  Works. 

The  system  completed  by  CNDE  features  several  capabilities  that  distinquish  it  from 
other  inspection  systems.  It  uses  acoustic  holography  to  image  the  flaw  and  incorporates  certain 
algorithms  that  provide  more  accurate  estimates  about  the  size  and  location  of  defects.  It  also 
includes  a  new  software  program  for  rating  the  quality  of  the  material  analyzed.  This  is  a 
unique  capability  which  permits  testing  of  larger  amounts  of  material,  resulting  in  better 
statistical  reliability.  The  inspection  system  is  not  patented  but  is  being  combined  with  other 
NDE  instrumentation  technologies  as  a  possible  licensing  package. 

CNDE  researchers  are  also  investigating  other  hardware  and  software  technologies 
that  could  be  incorporated  into  a  second  generation  system. 


r 


Literature:  "Equipment  detects,  counts,  flaws  in  steel,"  Design  News,  Dec.  3, 1990,  p.68-69. 
Patent/License  Status:  A  licensing  proposal  is  being  developed  to  accomplish  further 
commercial  activity. 

Potential  Applications/Spinoffs:  Nondestructive  evaluation  of  steel  and  other  raw  materials. 
For  More  Information  on  this  Technology:  Contact  Daniel  E.  Williams,  Office  of  Research  and 
Technology  Application,  Ames  Laboratory,  119  Office  and  Laboratory,  Iowa  State  University, 
Ames,  Iowa  50011  (515)294-2635. 
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Manufacturing  Technology 

U.S.  Air  Force 


Wright-Patterson  Air  Force  Base 


Thermal  Spray  Coating  Thickness  Gage 


Major  advancements  have  been  made  to  develop 
the  technology  base  for  automation  of  the  plasma  spray 
process  by  integrating  advanced  thermal  spray, 
robotics,  and  computerized  processing  techniques. 
This  has  increased  coating  quality,  improved 
productivity  at  reduced  cost,  and  enhanced  personnel 
safety.  However,  the  rate  of  coating  deposition  and 
thickness  was  still  being  measured  manually.  This 
practice  limited  thickness  measurement  to  accessible 
areas  of  coated  components,  and  measurements  were 
subject  to  operator  error.  Reduced  productivity, 
inconsistent  coating  quality,  and  high  rejection  rates 
were  the  result  of  this  manual  effort. 

United  Technologies  and  Pratt  and  Whitney 
established  an  automated  Thermal  Spr;iy  Coating 
Thickness  Gage  (TSCTG)  in  the  existing  Automated 
Plasma  Spray  Cell  so  that  productivity  gains  could  be 
achieved  with  a  minimum  loss  of  production 
flexibility.  The  final  selection  of  components  was 
based  on  technical  and  cost  merits  for  meeting  costing 
requirements  with  high  reliability  and  low 
maintainability.  The  system  consists  of  a  gage  robot 
and  associated  controls,  a  thickness-monitoring 
computer,  an  operator-interface  panel,  and  an 


avoidance  control  system  for  the  plasma  robot.  The 
gage  robot  is  a  4-axis,  single-arm  gantry  with  a  1-axis 
articulated  caliper  end  effector.  The  TSCTG  can 
measure  both  conductive  and  nonconductive  coating 
thickness  during  thermal  spraying.  The  gage  computer 
calculates  coating  thickness  and  deposition  rate  based 
on  information  supplied  by  two  non-contact  proximity 
probes.  The  coating's  actual  thickness  is  derived  by 
measuring  the  displacement  of  the  lens  extender 
assembly  with  a  conventional  capacitance  sensor. 

This  system  has  been  implemented  as  part  of  the 
existing  Automated  Plasma  Spray  Cell  at  the 
Sacriimento  Air  Logistics  Center.  The  success 
associated  with  this  manufacturing  technology  has 
prompted  plans  to  introduce  similar  automated  and 
stand  alone  systems  at  other  Department  of  Defense 
repair  facilities  and  at  Pratt  and  Whitney. 

The  benefits  derived  from  implementation  of  this 
fully  automated  measurement  system  include  increased 
productivity,  enhanced  operator  safety,  reduced 
processing  costs,  and  improved  coating  quality  and 
reproducibility. 

Contract:   F33615-86-C-5047,  Project  Engineer: 
Sylvester  Lee,  WL/MTX,  (513)  255-5037. 
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Grinding  IVIachine  for  Watertight  Hatch  Lugs 
Developed 


Figure  2.  Grinding  machine  for  watertight  hatch  lugs 


Worn  submarine  hatch  lugs 
are  refurbished  by  welding  new 
metal  to  the  lug  surface,  which 
makes  precision  contact  with  the 
hatch  locking  ring.  Current  hand 
grinding  of  lugs  to  fit  the  locking 
ring  is  tedious,  inaccurate,  and 
expensive.  The  Naval  Ocean 
Systems  Center  (NOSC),  San 
Diego,  California,  has  developed  a 
grinding  machine  that  is  mounted 
in  the  hatch  and  would  precisely 
grind  lugs  to  match  the  surfaces  of 
the  locking  ring  to  provide  fast, 
accurate,  and  economical  lug 
refurbishment. 

The  in-place  machine  includes 
a  base  with  devices  attached  to 
alternate  lugs  of  the  hatch  for 
mounting  the  base  across  the 
hatch  opening.  An  elongated  plate 
is  mounted  at  its  center  to  the  base 
for  pivotal  movement.  The  pivotal 
plate  has  opposite  ends,  each  end  is 


( 


extendable  between  a  pair  of 
alternate  lugs;  one  of  the  lugs 
between  one  of  the  pairs  of  lugs  is 
the  lug  to  be  ground.  A  device  is 
mounted  on  the  base  for  oscillating 
the  pivotal  plate  back  and  forth 
between  the  lugs  of  each  pair  of 
alternate  lugs.  There  is  also  a 
grinder  and  a  device  for  mounting 
the  grinder  at  one  end  of  the 
pivotal  plate  for  selectively 
engaging  the  grinder  with  or 
backing  the  grinder  away  from  the 
lug  to  be  ground. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  161003/rN 
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Graphite  Aluminum  Tube  Fabrication 


Graphite/aluminum  (Gr/Al)  com- 
posites have  been  developed  as  potential 
space  materials  for  uses  where  the  ad- 
vantages of  these  materials  can  be 
realized.  These  advantages  include  high 
strength-to-weight  and  stiffness-to- 
weight,  low  coefficient  of  thermal 
expansion,  and  high  thermal  and  elec- 
trical conductivity.  However,  most 
hardware  programs  require  the  use  of 
developed,  low  risk  materials.  Only 
limited  quantities  of  Gr/Al  tubes  have 
been  previously  fabricated  and  there 
have  been  no  production  runs  to  dem- 
onstrate the  ability  of  the  materials  to 
meet  spaceflight  quality  specifications. 

In  a  recently  completed  Navy 
MANTECH  project,  Gr/Al  (PI 00/6061) 
tubes  were  fabricated  in  sizes  and  quan- 
tities  representative  of  full  scale 
production.  The  tubes  were  fabricated 
by  two  different  procedures.  Diffusion 
bonded  tubes  were  produced  by  DWA 
Composite  Specialties  in  Chatsworth, 
California,  and  pultruded  tubes  were 
produced  by  Fiber  Materials,  Inc.,  (for- 
merly Material  Concepts,  Inc.)  in 
Columbus,  Ohio.  Liquid  metal  infil- 
trated wires  were  used  as  a  precursor  by 
both  suppliers. 

In  the  diffusion  bonding  process  con- 
solidation takes  place  by  the  internal 
pressurization  of  the  tube  layup  against 
an  external  die.  A  uniaxial  layup  of  Gr/ 
Al  precursor  wires  is  constructed  over  a 
tubular  mandrel.  The  mandrel  subse- 
quently serves  as  an  internally  expanding 
pressure  bladder  during  the  diffusion 
bonding  step. 

In  the  pultrusion  process,  consolida- 
tion takes  place  by  the  radial  reduction 
of  the  Gr/Al  layup  onto  an  internal 
mandrel.  The  layup  procedure  in  this 
process  is  similar  to  that  in  diffusion 
bonding  except  that  the  layup  is  built 
over  a  thick-walled  steel  mzmdrel.  This 
provides  radial  support  and  internal  di- 
mensional control  while  it  is  "pulled" 
through  the  consolidation  die.  In  addi- 


Three  Bay  Truss 


tion,  an  external  can  is  constructed  to 
provide  for  evacuation  of  the  composite 
during  the  hot  densification  step. 

Specifications  were  established  to  in- 
sure consistent  space  quality  components 
were  obtained.  These  were  established 
by  identifying  the  highest  realistic 
modulus  attainable  with  these  materials 
and  processing  methods  and  by  specify- 
ing tight  tolerances  for  the  modulus, 
diameter,  wall  thickness,  and  fiber  vol- 
ume. After  the  fabrication  was  completed 
testing  was  done  to  insure  that  the  tubes 
met  specifications.  All  of  the  tubes  were 
dimensionally  checked  before  any  other 
tesHng  was  begun.  After  a  section  of  the 
appropriate  length  was  taken  from  each 
tube  for  the  truss  assembly,  Scunples  were 
taken  from  the  remaining  portions  for: 
(1)  volume  fraction  measurement,  (2) 
mechanical  testing,   (3)  thermal  expan- 
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sion  measurement  and  (4)  metallurgical 
examination.  Three  tubes  from  each 
supplier  were  selected  for  destructive 
testing. 

The  tubes  were  used  to  construct  two 
3-bay  trusses  under  exploratory  and 
advanced  development  programs.  The 
B^C/ Al  end  fittings  used  to  assemble  the 
truss  were  also  fabricated  under  the  de- 
velopment programs.  The  trusses  were 
then  tested  by  Lockheed  Missiles  and 


Space  Company  under  static  tension, 
compression,  and  torsion  loading  to 
measure  the  local-deflection  response 
and  under  dynamic  loading  to  identify 
tlie  fundamental  frequencies  and  mode 
shapes. 

For  more  information  contact: 
AI  Bertram 

Naval  Surface  Warfare  Center 
(301)394-2019 


i 


■   I  ■■:         > 


I'  ■    ■   .<^..  -1  -■ 


Navy  Manufacturing  Technology 

Automated  Manufacturing  Research  Facility 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

Advances  in  the  Composite  Workstation 


AMRF  engineers  have  improved  an 
automated  composites  fabrication 
process  used  to  manufacture  high-per- 
formance products.  The  work  is  part  of 
the  Composites  Workstation  project  to 
develop  the  ability  to  manufacture 
complex  shaped  components.  The 
project  will  also  demonstrate  product 
improvements  by  incorporating  sensor 
feedback  into  a  hierarchal  control 
structure.  Currently,  the  manufacture  of 


composite  parts,  especially  for  complex 
shapes,  is  very  time  and  labor  intensive. 
The  Composites  Workstation  is  a 
testbed  for  studying  the  manufacture  of 
components  of  advanced  thermoplastic 
composites  through  a  fiber  placement 
process.  Much  of  the  potential  benefit  of 
thermoplastics  lies  in  the  material's  abil- 
ity to  be  consolidated  during  the  initial 
lay-up  (in  situ  consolidation).  In  situ 
consolidation  occurs  when  melted  ther- 


77ie  fiber  Placement  Testbed  of  the  Composites  Workstation 
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moplastic  composite  m^^terial  is  added 
under  pressure  to  a  suDbtiaie  which  is 
likewise  locally  melted.  Under  proper 
conditions,  the  thermoplastic  flows  be- 
tween the  existing  substrate  and  the  new 
material  and  then  solidifies  into  a  strong 
bond.  This  avoids  the  need  to  heat  the 
pcirt  in  an  autoclave  to  achieve  bonding 
of  layers. 

At  the  inception  of  the  Composite 
Workstation,  a  viable  in  situ  process  was 
not  available.  Efforts  at  the  workstation, 
therefore,  have  refined  a  process  for  the 
in  situ  consolidation  of  Carbon/PEEK 
(AS4/ APC2)  thern\oplastic  prepreg.  The 
process  uses  air  heaters  to  bring  the  ther- 
moplastic  up  to  the  processing 
temperature  (400°C)  and  a  steel  wheel 
and  band  to  provide  compaction  pres- 
sure. The  process  compaction  device 
generates  a  high  initial  pinch  pressure 


followed  by  a  sustained  lower  pressure. 
The  resulting  total  compaction  time  is, 
therefore,  several  orders  of  magnitude 
greater  than  with  most  processes  which 
operate  at  the  same  speed. 

During  the  period  of  process  refine- 
ment, the  workstation  has  produced 
standard  NOL  test  rings.  (The  Navy's 
Surface  Warfare  Research  Center,  previ- 
ously the  Naval  Ordnance  Laboratory, 
specifies  a  5-3/4  inch  diameter,  1/8  inch 
thick  ring  for  several  standard  tests.) 
These  test  samples  show  between  99.1  % 
to  96%  void-free  consolidation  in  the 
interior  plies  when  laid  up  at  between  12 
and  50  millimeters  per  second.  The 
workstation  is  continuing  efforts  to  im- 
prove consistency,  improve  initial  and 
outer  ply  consolidation,  resolve  sticking 
problems,  and  further  modify  the  pro- 
cess for  use  on  concave  surfaces. 


( 


FOR  ADDITIONAL  INFORMATION:  For  more  information,  contact:  Rick  Norcross,  Building  202,  Room  B- 
127,  AMRF  Project,  National  Institute  of  Standards  and  Technology,  Gaithersburg,  MD  20899;  (301)975-3440. 


Navy  Manufacturing  Technology 

Automated  Manufacturing  Research  Facility 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

Advanced  IVIachine  Tool  Controller 


AMRF  engineers  are  working  with  a 
commercial  machine  tool  builder  to  de- 
velop a  controller  that  allows  new  error 
correction  techniques  to  be  easily  incor- 
porated into  the  control  process.  This 
joint  effort  with  Hurco  Manufacturing 
Company  will  directly  transfer  NIST 
research  results  to  industry  and  will 
benefit  users  through  the  availability  of 
an  enhanced  machine  tool  controller. 
The  project  will  also  contribute  to  Air 
Force  needs  through  the  joint  involve- 
ment in  the  Air  Force's  Next  Generation 
Controller  project. 

Current  controllers  cannot  take  ad- 
vantage of  novel  error  compensation 
techniques  because  their  internal  struc- 
ture is  not  flexible  enough  to  add  the 
new  algorithms.  For  example,  the  com- 
pensation of  machine  tool  geometric  and 
thermally  induced  errors  requires  real- 
time tool  path  modification  based  on 
measured  and/or  predicted  errors  at  the 


cutting  tool  tip.  For  this  application  the 
next  generation  of  machine  tool  con- 
trollers must  have  processing  modules 
which  carry  out  error  prediction  compu- 
tations. These  controllers  must  also  have 
interfaces  to  cutting  process  sensors. 

NIST  has  developed  expertise  over 
the  past  15  years  in  implementing  real- 
time software  error  compensation 
methodologies  to  enhance  the  accuracies 
of  machine  tools  and  coordinate  mea- 
suring machines.  In  the  current 
development  effort,  this  expertise  will 
be  used  to  define  the  cutting  process 
sensory  information  interface  and 
analysis  requirements,  integrate  machine 
tool  metrology  techniques  into  machine 
tool  controllers,  and  define  low  level 
motion  control  interfaces  which  permit 
such  error  compensation  implementa- 
tior\s. 


FOR  ADDITIONAL  INFORMATION:  For  more  information,  contact-  Alkan  Donmez,  Sound  Building,  Room 
B106,  AMRF  Project,  National  Institute  of  Standards  and  Technology,  Gaithersburg,  MD  20899;  (301)975-6618. 


290 


.:.  V 


1 


•r';i!v. 


IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

'  Marshall  Space  Flight  Center,  Alabama 


Repairing  a  Shaft  Prone  to  Fatigue 

The  shaft  of  a  hydraulic  motor  now  outlives  its  bearings. 


A  procedure  for  repairing  a  John  Deere 
Series  50  (or  equivalent)  riydraulic  motor 
solves  the  problem  posed  by  a  common 
type  of  fatigue  failure  of  the  shaft.  The  re- 
pair extends  the  service  life  10  times;  the 
repaired  shaft  outlasts  the  motor  bearings, 
which  have  an  expected  service  life  of 
1,000  hours. 

The  hydraulic  motors  drive  the  wheels 
of  a  slowly  moving  vehicle  that  carries  a 
heavy  load.  The  motors  are  low-speed, 
high-torque  units  that  are  mounted  direct- 
ly on  the  transporter  axle-and-wheel  as- 
semblies. Pressurized  hydraulic  fluid  turns 
a  splined  shaft  that  has  a  necked-down 
threaded  end  (see  figure).  The  end  is  sub- 
ject to  bending  and  fatigue;  when  it  fails, 
it  breaks  away  from  the  motor  hydraulic 
fluid  leaks,  and  the  vehicle  can  no  longer 
move. 

The  repair  procedure  can  be  summar- 
ized as  follows: 

1 .  Completely  remove  the  remaining  part 
of  the  broken  necked-down  section. 

2.  Bore  and  internally  thread  a  hole  in  the 
end  of  the  remaining  shaft. 

3.  Apply  an  adhesive  to  the  threads  on  the 
inner  end  of  a  special  stud.  Insert  the 
threaded  end  of  the  stud  in  the  hole  in 
the  end  of  the  shaft.  By  use  of  the  hex- 
agonal-nut-like midsection  of  the  stud, 
torque  the  stud  into  the  threaded  hole 

4.  Replace  the  bearings  and  seals  in  the 
motor 

5.  Place  a  special  machined  washer,  a  self- 
aligning  washer  locking  collars,  and  an 
end  cap  on  the  outer  end  of  the  stud. 
The  locking  collars  provide  the  neces- 
sary end  play  of  0.003  in.  (0.08  mm).  They 
replace  a  nut  that  was  secured  by  a  cot- 
ter pin  extending  through  a  diametral  hole 
in  the  necked-down  section.  Similarly,  the 
machined  washer  and  self-aligning  washer 
replace  an  eccentric  washer  that  was  se- 
cured by  a  roll  pin  through  a  hole  in  the 
shaft.  Because  the  holes  through  the 
necked-down  section  are  no  longer  need- 
ed in  the  stud  that  replaces  it,  the  stud  is 


The  Necked-Down  End  of  the  Shaft  is  prone 
to  fatigue  failure,  in  which  the  threaded  end  is 
sheared  off.  Repair  includes  forming  an  inter- 
nally threaded  hole  in  the  end  of  the  shaft, 
inserting  a  double-threaded  end  stud,  and 
adding  washers  and  collars. 


Hydraulic 
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Splined 
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Necked- 
Down, 
Threaded 
End  of  Shaft 


UNBROKEN  SHAFT 


BROKEN  SHAFT 


BEARING,  WASHERS,  AND  COLLARS  INSTALLED  ON  STUD 
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stronger  and  nnore  resistant  to  fatigue. 
These  qualities  are  enhanced  by  the  stud 
material  (4340  steel),  which  is  tougher  than 
is  the  original  shaft  material,  and  by  the 
use  of  rolled  (instead  of  cut)  threads  on 


the  stud. 

It  is  not  necessary  to  wait  until  a  failure 
occurs  to  carry  out  the  repair  procedure. 
It  can  be  performed  as  a  retrofit  procedure 
to  ensure  reliable  operation. 


This  work  was  done  by  Roger  A.  Sharp, 
David  V.  Larsen,  and  Garold  A.  Bates  of 
Thiokol  Corp.  for  Marshall  Space  Flight 
Center.  MFS-28518/TN 
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Expert  System  for  Heat  Exchanger 

Diagnosis  is  simplified  for  non-engineers. 


A  developmental  expert-system  com- 
puter program  assists  an  operator  in  con- 
trolling, monitoring  the  operation,  diagnos- 
ing maltunctions,  and  ordering  repairs  of 
a  Ineat-exctianger  system  that  dissipates 
heat  generated  by  a  20-kW  radio  transmit- 
ter. This  system  includes  not  only  a  heat 
exchanger  but  also  pumps,  fans,  sensors, 
valves,  a  reservoir,  and  associated  plumb- 
ing. Because  this  assembly  of  equipment 
and  its  modes  of  operation  are  compli- 
cated, the  operator  needs  to  call  on  the 
knowledge  and  experience  of  an  engineer 
to  respond  properly  to  unforeseen  prob- 
lems. The  expert-system  computer  pro- 
gram was  conceived  to  assist  the  operator 
in  this  way  while  avoiding  the  cost  of  keep- 
ing an  engineer  in  full-time  attendance. 
Similar  programs  could  be  developed  for 
heating,  ventilating,  and  air-conditioning 
systems. 

The  expert-system  program  resides  in 
a  computer  that  monitors  the  heat-ex- 
changer system  via  digitized  signals  from 
sensors.  It  performs  four  mam  tasks,  the 
first  of  which  is  to  detect  and  locate  faults. 
For  this  purpose,  the  program  incorporates 
an  expert  engineer's  knowledge  of  the 
symptoms  of  failures  (e.g.,  sensor  readings 
out  of  specified  ranges)  and  the  necessan/ 
adjustments,  repairs,  and  other  corrective 
responses.  This  expertise  is  encoded  in 
the  form  of  "if. ..then"  rules  (see  figure); 
for  example,  "if  level  of  liquid  in  tank  is  less 
than  level  of  liquid  in  tank  10  minutes  ago, 
then  coolant  may  be  leaking." 

In  addition  to  the  experl  knowledge  base 
encoded  in  "if. ..then"  rules,  the  expert 
system  includes  an  "inference  engine" 
that  derives  conclusions  about  the  status 
of  the  heat-exchanger  system  from  sen- 
sor outputs  and  from  rules  furnished  by 
the  expert.  For  example,  where  the  know- 
ledge base  contains  the  rule  "if  A  then  B" 
and  a  sensor  reports  that  A  is  true,  then 
the  inference  engine  deduces  that  B  is 
also  true.  The  assertion  that  B  is  true  might 
trigger  other  rules  of  the  form  "if  B  then 
C,"  and  so  on.  The  execution  of  the  pro- 
gram entails  a  sequence  of  such  forward 
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The  Knowledge  Base  of  the  expert  sys- 
tem is  organized  in  a  set  of  "if. ..then" 
rules  regarding  flow  interlocks  (e.g.,  to 
order  a  shutdown  if  flow  of  coolant  is 
blocked  in  a  critical  component),  main- 
tenance, and  pending  problems. 

chaining,  which  persists  until  either  no 
more  rules  are  executed  or  a  halt  is  com- 
manded. At  each  cycle,  all  rules,  the  pre- 
conditions of  which  are  satisfied  by  the 
contents  of  working  memory,  are  deter- 
mined. If  more  than  one  rule  is  activated, 
one  is  selected  by  means  of  a  suitable 
conflict-resolution  strategy.  All  the  actions 
associated  with  the  selected  rule  are  then 
performed,  and  the  data  base  is  changed 
accordingly.  Alternatively,  if  B  is  suspect- 
ed to  be  the  cause  of  a  problem,  then, 
armed  with  a  rule  of  the  form  "if  A  then 


B."  the  inference  engine  may  work  back- 
ward and  ask  the  sensor  system  to  pro- 
vide any  evidence  that  could  confirm  the 
existence  of  A. 

The  second  main  task  is  to  provide  re- 
ports on  the  statuses  of  important  com- 
ponents of  the  system.  These  include 
which  components  like  pumps  or  fans  are 
on  at  the  moment,  whether  they  are  op- 
erating correctly,  and  the  like.  Other  data 
include  operating  hours,  reports  of  mo- 
mentary faults,  past  failures,  and  records 
of  repairs. 

The  third  main  task  is  to  furnish  the  op- 
erator with  alternatives  when  faults  are  de- 
tected. For  example,  if  one  of  several  fans 
malfunctions  but  the  remaining  fans  are 
sufficient  to  handle  the  current  heat  load, 
the  system  so  advises  the  operator. 

The  fourth  main  task  is  to  acquire  and 
analyze  data  continuously  during  opera- 
tion so  as  to  detect  trends  (e.g.,  slow  leak- 
age of  coolant)  that  may  lead  to  failures 
and  to  advise  the  operator  of  the  need 
to  make  repairs  before  those  failures  oc- 
cur. This  involves  the  application  of  least- 
squares  regression  analyses  to  selected 
sensor  outputs.  The  expert  system  first 
alerts  the  operator  to  the  existence  of  a 
potential  problem  and  then,  by  comparing 
the  trends  in  current  sensor  outputs  with 
certain  prespecified  parameters,  predicts 
a  time  when  those  trends  would  become 
critical.  This  action  mimics  that  of  an  at- 
tentive engineer. 

The  expert  system  provides  for  interac- 
tive displays  on  the  video  terminal  of  the 
computer  to  assist  the  operator  in  using 
It.  Expert  information  (including  alarms)  is 
presented  in  the  form  of  text,  graphs,  and 
icons.  In  addition,  printouts  are  available 
and  are  produced  automatically  in  response 
to  some  alarms  to  instruct  the  operator 
about  corrective  actions. 

This  work  was  done  by  D.  Gordon 
Bagby  and  Reginald  A.  Cormier  of 
Caltecli  for  NASA's  Jet  Propulsion 
Laboratory,  NP0-17991/JN 
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Rotary-to-Axial  Motion  Converter  for  Valve 

The  mechanical  advantage  varies  to  provide  nnaxinnum  force  or  translation  where  each  is  nnost  needed. 


A  nearly  frictionless  mechanism  con- 
verts rotary  motion  into  axial  motion.  The 
mechanism  was  designed  for  use  in  an 
electronically  variable  pressure-regulator 
valve.  It  changes  the  rotary  motion  im- 
parted by  a  motor  into  translation  that 
opens  and  closes  the  valve  poppet.  The 
mechanism  requires  no  lubrication  and  is 
insensitive  to  contamination  in  the  fluid 
flowing  through  tne  valve. 

The  mechanism  includes  two  disks  of 
equal  diameter  joined  by  a  set  of  flexible 
bands  or  cables  (see  figure).  One  of  the 
disks  is  fixed,  while  the  other  is  axially  and 
rotationally  movable.  Initially,  when  the 
valve  is  closed,  the  cables  are  parallel. 
When  a  motor  rotates  the  movable  disk, 
the  cables  twist,  pulling  the  movable  disk 
toward  the  fixed  disk.  This  action  also  pulls 
the  poppet,  which  is  attached  to  the  mova- 
ble disk,  out  of  its  seat.  When  rotation  of 
the  motor  is  reversed,  the  cables  unwind 
and  lower  the  movable  disk  and  poppet 
toward  the  closed  position. 


One  desirable  feature  of  the  twisting  ac- 
tion of  the  cables  is  that  it  produces  a  vari- 
able mechanical  advantage.  It  produces 
a  high  force  and  small  motion  at  the  start 
of  twisting,  when  forces  on  the  poppet  are 
high.  It  produces  a  low  force  and  large  mo- 
tion toward  the  end  of  the  twisting  cycle, 
when  forces  on  the  poppet  are  low  and 
rapidly  changing  the  poppet  position  helps 
regulation. 

Optionally,  a  "spider"  disk  can  be  at- 
tached to  the  cables  midway  between  the 
fixed  and  movable  disks  to  prevent  the 
cables  from  closing  in  and  wrapping 
around  each  other.  It  also  increases  the 
lift  at  the  end  of  the  twisting  cycle. 

This  work  was  done  by  Robert  H. 
Reinicke  and  Rafic  Mohtar  of  Eaton  Corp. 
for  Johnson  Space  Center 
MSC-21697  and  MSC-21698fTN 


Cables  Spaced  Equidistantly  around  the 
edge  of  a  fixed  disk  support  a  movable 
disk.  As  the  movable  disk  is  rotated,  the 
cables  twist,  lifting  it.  When  the  movable 
disk  is  rotated  in  the  opposite  direction, 
the  cables  untwist,  lowering  it.  The  spider 
disk  helps  to  prevent  the  cables  from 
tangling. 
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Vacuum  Powder  Injector 

Neat  resin  coats  are  applied  uniformly  to  bundles  of  fiber  tow. 


A  method  tias  been  developed  to  pro- 
vide uniform  impregnation  of  bundles  of 
carbon-fiber  tow  wittn  low-solubility,  highi- 
melt-flow  polymer  powder  materials  to  pro- 
duce composite  prepregs.  Because  of  tfie 
interactions  among  various  low-viscosity, 
high-melting-point  polymers,  the  methods 
available  for  coating  of  carbon-fiber  tows 
with  these  polymers  are  limited  and  of 
marginal  value  for  the  production  of  pre- 
pregs of  high  quality.  The  inability  to  re- 
move solvents  and  carrier  materials  to  ac- 
ceptable levels  and  the  inability  to  cause 
the  polymer  films  to  infiltrate  the  fiber 
bundles  totally  have  proved  to  be  signifi- 
cant barriers  to  the  production  of  uniformly 
impregnated  prepregs  of  high  quality 

In  the  new  method  (see  figure),  a  bun- 
dle of  fiber  tow  is  unwound  from  a  supply 
spool  by  an  electric  motor.  The  circuit  that 
supplies  power  to  the  motor  is  completed 
when  the  bundle  is  pulled  against  the  elec- 
trodes, causing  the  motor  to  advance  un- 
til the  circuit  is  broken  again.  The  bundle 
is  then  pulled  through  a  latex-rubber  die, 
which  includes  a  pinch  clamp  that  regu- 
lates the  intake  of  air  into  the  bundle.  The 
bundle  passes  along  a  glass  tube,  along 
with  the  air  drawn  in  by  a  vacuum  system. 
The  polymer  powder  is  mechanically  dis- 
pensed into  the  tube  and,  like  the  air,  it  is 
pulled  into  the  tube  by  the  vacuum. 

While  the  flow  of  air  is  spreading  the  fi- 
bers in  the  bundle  in  the  tube,  the  powder 
material  is  mixed  into  the  bundle.  The 
larger  particles  of  powder  are  carried  into 
a  wider  glass  tube  dimpled  to  half  its 
diameter,  wherein  these  particles  are 
combed  into  the  bundle.  At  the  entrance 
to  the  larger  glass  tube,  the  vacuum 
changes  the  direction  of  flow  of  air,  and 
the  air  is  no  longer  traveling  with  the  fiber. 


The  Vacuum  Powder  Injector  expands  the  bundle  of  fiber  tow,  applies  polymer  powder  to  it,  then 
compresses  the  bundle  to  hold  the  powder. 


A  rubber  die  at  the  exit  end  of  the  larger 
glass  tube  near  a  convection  oven  stops 
the  air  from  entering  from  that  end.  The 
die  also  constricts  the  fiber  for  the  final 
entrapment  of  the  polymer. 

The  excess  powder  that  is  stripped  from 
the  fiber  before  it  leaves  the  vacuum  is  first 
accelerated  through  a  venturi,  then  dis- 
persed through  a  filter,  causing  an  overall 
loss  of  energy  that,  in  turn,  causes  the  pow- 
der to  collect  in  a  pipe  at  the  bottom.  Those 
smaller  particles  that  are  not  stopped  by 
this  loss  of  energy  are  collected  in  the  liq- 
uid of  a  bubbler  A  very  fine  filter  at  the 
outlet  of  the  bubbler  provides  final  protec- 
tion for  the  vacuum  system. 

This  system  provides  for  control  of  the 
amount  of  polymer  on  the  bundle  (<65 
percent).  The  crystallinity  of  the  polymer 
can  be  maintained  by  a  controlled  melt  on 
the  takeup  system.  All  the  powder  is  en- 
trapped, and  most  is  collected  for  reuse. 
The  process  provides  an  inexpensive  and 
efficient  method  for  making  composite 
materials.  It  allows  for  the  coating  of  any 


bundle  of  fine  fibers  (wire,  cloth,  graphite, 
glass,  and  the  like)  with  powders  (paints, 
dyes,  insulating  materials,  and  the  like). 
The  method  shows  high  potential  for  mak- 
ing prepregs  of  improved  materials  and  for 
preparation  of  high-temperature,  high- 
modulus,  reinforced  thermoplastics. 

777/s  work  was  done  by  Dennis  C.  Work- 
ing of  Langley  Research  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Langley  Research  Center 
Refer  to  LAR-14179/TN. 

Langley  Research  Ctr. 

Technology  Utilization 
Officer  John  Samos 
IVIall  Stop  139A 
Hampton,  VA  23665 
Patent  Counsel 
George  F.  Helfrich 
Mail  Code  279 
Hampton,  VA  23665 
(804)  864-3523 
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0295  Materials  Joining  and  Surfacing  Technologies 

0296  Mullite  Whiskers  &  Mullite-Whisker  Felt  (Licensing  Opportunity) 

0297  Optical  Protection  from  Lasers  (Licensing  Opportunity) 

0298  Chemically  Layered  Porous  Solids — Sequences  of  treatments  impart 
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National  Center  for  Excellence  in  Metalworking 
Technology  (NCEMT) 

Navy  Technology  Fact  Sheet 

Materials  Joining  and  Surfacing  Technologies 


A  substantial  portion  of  the  NCEMT's 
efforts  involve  the  improvement  of  ma- 
terials joining  techniques.  The  goals  of 
these  efforts  are  to  improve  the  opera- 
tional characteristics  of  the  welds  in 
Navy  applications,  reduce  the  cost  of 
materials  joining  processes,  and 
strengthen  the  U.S.  metalworking  tech- 
nology base.  Following  are  descriptions 
of  current  NCEMT  programs  in  materi- 
als joining  and  surfacing. 
Linear  Friction  Welding 

Linear  friction  welding  is  a  process 
whereby  one  part  is  held  in  a  fixed  posi- 
tion, while  the  other  part  reciprocates. 
Pressure  at  the  contact  surface  causes 
friction  which  heats  the  surfaces.  The 
action  then  slows  and  a  forging  force  is 
applied  to  fuse  the  two  parts. 

With  its  narrow  heat  zone  and  ex- 
tremely strong  bond,  linear  friction 
welding  appears  to  be  an  ideal  candi- 
date for  the  repair  of  combined  turbine 
blade  and  disk  assemblies.  These  assem- 
blies, known  as  "blisks,"  are  used  in 
aircraft  engines.  Traditional  welding 
technology  used  in  blisk  manufacture 
requires  substantial  heat  input,  which 
tends  to  degrade  the  blade  and  disk 
material.  The  lack  of  material  heating  in 
the  linear  friction  process  reduces  the 
amount  of  degradation.  The  process  has 
joined  materials  made  of  copper,  alu- 
minum, stainless  steel,  titanium,  and 
many  other  aerospace  alloys. 

The  NCEMT,  in  conjunction  with  the 
Cherry  Point  Naval  Aviation  Depot,  has 
selected  The  Welding  Institute  (TWI), 
Abington,  England,  to  begin  the  evalua- 
tion of  the  linear  friction  process  by 
welding  and  surfacing  nine  different 
advanced  material  combinations.  The 
combinations,  commonly  used  in  blisks, 
include  L-60/MAR-M-302,  Stellite-12 
Cobalt/INIOO,  and  Waspalloy/ 
Waspalloy. 

Upon  completion  by  TWI,  NCEMT 
engineers  will  evaluate  the  processes  by 
performing  tensile  tests,  Charpy  impact 
tests,  and  conduct  scanning  electron 


Plasma  Spray  Coated  Test  Specimens 


microscope  analyses  of  the  weldments. 
If  the  process  can  adequately  join  the 
above  material  combinations,  the 
NCEMT  will  transfer  this  technology'  to 
the  Naval  Air  Depots  for  the  joining  of 
turbine  blades  and  disks. 
Plasma  Spray  CNC  Integration 

Ever^'  year.  Naval  shipyards  repair 
or  remanufacture  valve  stems  and  other 
cylindrical  parts  using  manual  plasma 
spraying  and  finishing  procedures.  The 
repaired  components  often  displa)' 
higher  performance  levels  and  longer 
life  than  the  original.  The  process  is  time 
consuming  and  requires  several  steps 
by  many  human  operators.  To  stream- 
line the  plasma  spray  repair  and 
remanufacturing  process,  and  reduce  its 
dependence  on  operator  training,  the 
NCEMT  is  developing  an  Integrated 
Plasma  Spray/Computer  Numeric 
Control  part  repair  workceii.    NCEMT 
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engineers  are  developing  a  prototype 
workcell  containing  parts  preparation, 
thermal  spray,  and  parts  finishing  pro- 
cesses. In  addition,  NCEMT  staff  is 
developing  a  PC-based,  stand-alone 
process  planning  system  for  use  with 
separate  thermal  spraying  and  machin- 
ing equipment.  NCEMT  steiff  are  also 
evaluating  alternative  surface  prepara- 
tion techniques,  and  plasma  spray 
coatings. 

Phase  two  of  the  program  includes 
operator  training  and  documentation 
development.  The  NCEMT  will  also 
demonstrate  the  prototype  to  DOD  and 
commercial  industry,  and  transfer  it  to 
the  Puget  Sound  Naval  Shipyard. 
Advanced  Consumables  Development 

At  present,  gas  metal  arc  welding 
consumables  used  in  HY  and  HSLA  steel 
weldments  require  preheating  to  as  high 
as  300°F.  Cutting  preheat  temperatures 
in  half  could  save  as  much  as  $5  million 
during  the  construction  of  a  single  aircraft 
carrier. 

The  NCEMT  is  working  with  re- 
searchers and  manufacturers  to  develop 
next  generation  consumables  to  sub- 
stantially reduce  joining  costs.  Under 
the  program,  the  NCEMT  has  contracted 
with  Ohio  State  University  and  the  Or- 
egon Graduate  Institute  to  each  develop 
and  specifv  16  compositions.  A  consum- 
able uiuj.— dctuiei  vviii  produce  100  lb. 
spools  of  .045  inch  wire  for  each  com- 
position. These  will  be  used  to  fabricate 
weldments  under  shipyard  conditions. 
The  NCEMT  will  then  mechanically  test 
the  weldments  to  determine  whether 
they  conform  to  N  AVSE  A  specifications. 

The  process  will  be  repeated  until  an 
optimal  wire  which  meets  NAVSEA 
goals  is  developed.  At  that  point,  the 
NCEMT  will  prepare  manufacturing 
specifications  for  consumables  produc- 
ers and  transfer  the  technology  to  Naval 
shipyards  and  ship  manufacturers. 
Welding  Optimization 

To  reduce  fabrication  costs  of  the 
SSN21  Seawolf  class  submarine,  the 
Navy  has  tasked  the  NCEMT  to  develop 
a  welding  optimization  program  for 
HY130  steel.  NCEMT,  in  cooperation 


with  David  Taylor  Research  Center,  will 
identify  consumables  and  processes  that 
may  qualify  for  HY130  use.  NCEMT  will 
then  produce  weldments  for  test 
samples,  and  characterize  pertinent  ma- 
terial properties.  Once  these  tasks  are 
complete,  the  NCEMT  will: 

1.  Formulate  HY130  steel  weld  metal 
fabrication  documents, 

2.  Provide  a  plan  for  validating  and 
certifying  the  weld  system  for  the 
SSN-21  pressure  hull,  and 

3.  Develop  a  methodology  to  analyze 
HY  130  weld  joints  and  structural/ 
mechanical  response. 

One  of  the  concepts  under  investiga- 
tion is  the  technique  of  undermatching. 
Undermatching  is  the  process  by  which 
weld  filler  metal  material  of  lower  yield 
strength  is  used  to  bond  structural  ma- 
terial of  higher  yield  strength.  The  pro- 
cess allows  strength  and  toughness 
requirements  to  be  balanced  with  depo- 
sition rates,  resulting  in  major  cost 
reductions.  The  NCEMT  will  be  devel- 
oping a  detailed  weld  solidification 
model  for  butt  welds  to  determine  local 
properties  such  as  strength  and  tough- 
ness, as  well  as  residual  stresses.  The 
results  will  be  used  in  parallel  with  de- 
tailed analyses  of  weld  joint  performance 
under  hydrostatic,  low-cycle  fatigue,  and 
dynamic  fracture  loads  to  determine  the 
feasibility  of  undermatching.  While  the 
overall  goal  is  to  significantly  reduce 
Seawolf  fabrication  costs,  much  of  the 
technology  developed  under  the  pro- 
gram will  be  applicable  throughout  the 
materials  joining  industry. 

Electroslag  Cladding 

In  the  Electroslag  Cladding  (ESQ 
process,  electrical  current  is  used  to  heat 
a  chalky  flux.  The  flux  melts  into  a  liquid 
called "  slag,"  which  conducts  electricity 
melting  the  base  metal  and  consumable 
strip  surfaces  into  a  coherent  bond.  By 
replacing  traditional  welded-collar  or 
shrink-fit  cladding  methods  with  ESC 
technology,  the  Oregon  Graduate  Insti- 
tute estimates  cost  savings  of  over  $1 
million  per  new  propeller  shaft. 
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FOR  ADDITIONAL  INFORMATION:  Dr.  Howard  Kuhn,  National  Center  for  Excellence  in  Metalworking 
Technology,  1450  Scalp  Avenue,  Johnstown,  PA  15904;  (814)269-2426. 
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Naval  Surface  Warfare  Center 

Mullite  Whiskers  &  Mullite-Whisker  Felt 

The  Naval  Surface  Warfare  Center  has  developed  and  patented 
processes  for  the  economic  manufacture  of  mullite  whiskers  and  80% 
porous  mullite  whisker  felt  to  be  used  in  preparation  of  advanced 
polymer-,  metal-,  and  ceramic-matrix  composites.   The  rigid  felt 
itself  has  potential  for  applications  such  as  high  temperature 
thermal  insulation,  catalyst  supports  and  filters.   Mullite  {SAliOj- 
2SiO?)  has  good  retention  of  strength  at  high  temperatures,  a  lov; 
thermal  expansion  coefficient  and  a  low  dielectric  constant  and 
loss  tangent.   An  important  advantage  of  mullite  whiskers  compared 
with  non-oxide  whiskers  such  as  silicon  carbide,  is  that  they  can 
be  used  in  an  oxidizing  environment  at  high  temperatures  as  well 
as  in  electronic  ceramics. 

The  felt  consists  of  randomly  oriented  stoichiometric  mullite 
whiskers  which  are  mutually  intergrown  forming  a  rigid  structure. 
A  significant  aspect  of  the  felt-preparation  process  is  that  ther 
are  no  whiskers  in  the  precursor  mixture.   The  whiskers  are  formed 
in-situ  during  the  firing  step.   Loose  whiskers  are  not  handled  at 
any  step  of  the  process,  thus  health  hazards  associated  with 
handling  loose  whiskers  are  eliminlated.   Another  important 
feature  is  that  the  dimensional  change  between  the  green  preform 
and  the  final  fired  shaped  felt  is  low,  about  1%  expansion. 
This  makes  possible  the  fabrication  of  near-net  shape  preforms  for 
composites  that  will  require  minimum  machining. 

References: 

a.  U.S.  Patent  4,910,172;  "Preparation  of  Mullite  Whiskers  from 
AlF3,Si02,  and  Al^Oj  Powders" 

b.  U.S.  Patent  4,911,902;  "Mullite  Whisker  Preparation" 

c.  U.S.  Patent  4,948,766;  "Rigid  Mullite  Whisker  Felt  and  Method 
of  Preparation" 

d.  "Preparation  of  Mullite  Whiskers,"  Inna  G.  Talmy  and  Deborah 
A.  Haught,  Fiber-Tex  87  Conference,  NASA  Conference  Publication 
3001,  p.  69-78,  November  1987 

e.  "Preparation  and  Propeties  of  Rigid  Mullite-Whisker  Felt",  1. 
G.  Talmy  and  D.A.  Haught,  Procedings  of  12th  Conference  on 
Composite  Materials  and  Structure,  NASA  Conference  Publication 
3018,  p. 1-11,  January  1988 

f.  Mullite  Whisker  Felt  Preparation  and  Properties,"  l.G.  Talmy 
and  D.A.  Haught,  Navy  Materials  and  Structures  Bulletin,  Vol  XXII 
No.  1,  April  1988 

g.  "Preparation  of  Mullite  Whiskers,"  l.G.  Talmy  and  D.A.  Haught, 
Navy  Materials  &  Structures  Bulletin,  Vol  XXII  No.  1,  April  1988 
h.   "Porous  Mullite  Whisker  Felt  for  Preshaped  Composite 
Preforms,"  l.G.  Talmy,  D.A.  Haught  and  S.  Limaye  ( Ceramatec ) , 
Materials  and  Processing  Report,  1989,  Vol  4,  No.  7 

FOR  ADDITIONAL  INFORMATION:  Ramsey  D.  Johnson,  Code  D4T,  Naval  Surface  Warfare  Center,  10901 
New  Hampshire  Avenue,  SUver  Spring,  MD  20903-5000;  Phone:  (301)394-1505,  Autovon:  290-1505. 
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Naval  Surface  Warfare  Center 

Optical  Protection  from  Lasers 

Nonlinear  optical  materials  provide  protection  for  eyes  and 
light  sensitive  equipment  from  laser  energy,  but  do  not  interrupt 
normal  light  energy  to  these  receptors.   The  materials  permit 
unimpeded  passage  of  the  normal  intensity  spectrum,  while  either 
absorbing  high  intensity  sources  or  changing  them  into  a  harmonic 
outside  of  the  desired  spectrum  where  they  are  subsequently 
filtered.   Optical  elements  focus  the  waist  of  the  beam  within  a 
nonlinear  frequency-doubling  optical  fiber  element.   The  nonlinear 
elements  produce  a  harmonic  outside  the  visible  spectrum  and 
absorb  the  laser  energy.   Response  time  is  in  nanoseconds.   In 
contrast  to  this  approach  for  laser  protection,  other  types  of 
filters  exclude  a  band  of  the  spectrum  being  received,  and 
shutters  completely  close  off  the  input  signal.    ,     i  '  r: 

The  invention  may  use  more  than  one  filter  and  is  adaptable 
with  lenses  to  construct  a  telescope,  binoculars,  or  can  be   r;    ,/. 
incorporated  into  such  equipment  as  image  intensif iers .   A 
preferred  form  uses  either  fiberlike  tubes  containing  a  nonlinear 
optical  fluid,  or  solid  polymer  fibers,  that  absorbs  high 
intensity  laser  enery  while  passing  the  low  intensity  spectrum.        f 
This  device  may  employ  an  array  of  these  optic  fibers  which 
facilitate  matching  with  fiber  array  image  intensif iers .   Features 
of  the  invention  include: 

-  completely  passive  operation;  no  power  sources  required. 

-  Eye/equipment  protection  against  incident  laser  radiation 
having  changeable  frequencies  (frequency  agile  lasers). 

-  Protection  against  laser  energy  without  blocl<ing  normal 
viewing  modes. 

-  Safe  user  viewing  of  scenes  while  being  illuminated  with 
hostile  laser  energy. 

The  Naval  Surface  Warfare  Center  is  interested  in 
collaborating  on  a  Cooperative  Research  and  Development  Agreement 
to  further  develop  this  invention. 

FOR  ADDITIONAL  INFORMATION:  Ramsey  D.  Johnson,  Code  D4T,  Naval  Surface  Warfare  Center,  10901 
New  Hampshire  Avenue,  Silver  Spring,  MD  20903-5000;  Phone:  (301)294-1505.  Autovon:  290-1505. 
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Chemically  Layered  Porous  Solids 

Sequences  of  treatments  impart  desired  properties  to  aerogels  and  other  porous  materials. 


Beads  To  Be 
Treated 


SurlaceModilying  Reageni 


r~ 


XS(RiR2R3 


SiOH  +  XSiRiR2Rj    - 
STEP  1:  TREATMENT  OF  WHOLE  BEAD 


SiO  Si  R,R2R3+  HX 


SiO-SiRiR2R3  +  0- 
STEP  2:  REMOVAL  OF  R,R2R3TO  DEPTH  d 


XSiRiR2R'3 


Si  OSiOH  +  XS1R1R2R3  ■ 
MODIFICATION  WITH  R  3  TO  DEPTH  d 


Si-0-Si-0-SiR,R2R3 


Figure  1  A  Porous  Glass  or  Silica  Bead  is  treated  to  make  two  depth 
zones  that  have  different  chemical  properties. 


Microwave-Discharge  Cell 


"""  .«»o  A<A^  , 


Figure  2.  Beads  Are  Dropped  along  a  tube  filled  with  flowing  gas 
containing  atomic  oxygen,  which  is  generated  in  a  microwave  discharge 


Aerogels  and  other  porous  solids  in  which  the  surfaces  of 
the  pores  have  chemical  properties  that  vary  with  depth  below 
their  macroscopic  surfaces  can  be  prepared  by  sequences  of 
chemical  treatments.  The  general  class  of  materials  so  treat- 
able includes  oxides  of  aluminum,  silicon,  zirconium,  tin, 
titanium,  and  nickel,  and  mixtures  of  these  oxides.  Potential 
uses  of  the  treated  materials  include 
chromatographic  separations,  membrane 
separations,  controlled  releases  of  chemi- 
cals, and  catalysis. 

In  the  first  step  of  a  typical  sequence  of 
treatments,  the  porous  solid  is  exposed  to 
a  reagent  that  can  react  with  atomic  oxy- 
gen or  hydroxyl  radicals.  In  the  next  step, 
the  reagent  is  either  fixed  on  the  surfaces 
of  the  pores  as  a  nonvolatile  oxide  or  else 
removed  partly  (that  is,  to  the  desired 
depth)  by  exposure  to  atomic  oxygen  or  hy- 
droxyl radicals.  In  the  next  step,  the  solid 
might  be  exposed  to  another  regeant.  De- 
pending on  the  solid  and  reagent  materials 
used,  it  may  also  be  necessary  to  wash 
with  solvent  between  reagent  treatments. 

Subsequent  steps  can  include  various 
combinations  of  reagents,  atomic-oxygen 
or  hydroxyl  treatments,  and/or  solvent 
washes  that  result  in  layers  of  pores  that 
have  different  surface-chemical  proper- 
ties. The  thickness  of  each  layer  is  deter- 
mined by  the  kinetics  of  the  reaction  and 
diffusion  of  atomic  oxygen  or  hydroxyl  radi- 
cals in  the  porous  solid.  The  thickness  of  a 
layer  can  be  as  little  as  the  average  width 
of  a  pore 

A  somewhat  generic  example  of  the  proc- 
ess is  the  treatment  of  porous  silica  or 
glass  beads.  Prior  to  the  sequence  illu- 
strated in  Figure  1,  the  beads  are  treated 
with  a  solution  of  methanol  and  potassium 
hydroxide  to  produce  a  maximum  number 
of  Si-OH  groups  on  the  surfaces  of  pores 
throughout  the  depth  and  on  the  macro- 
scopic surface.  In  step  1  of  Figure  1,  the 
Si-OH  groups  are  reacted  with  any  of  a 
number  of  well-known  surlace-modifying 
reagents.  In  step  2  of  Figure  1,  the  beads 
are  exposed  to  atomic  oxygen  (see  Figure 
2)  to  remove,  to  a  depth  d.  the  deposit  left 
by  the  reagent.  In  step  3,  a  different  sur- 
face-modifying reagent  is  applied  to  treat 
the  surface  layer  of  depth  d. 


This  work  was  done  by  Steve  Koontz 
of  Johnson  Space  Center 

This  invention  is  owned  by  NASA,  and 


a  patent  application 
Inquiries  concerning 
exclusive    license    for 


Lyndon  B.  Johnson 
Space  Center 

Technology  Utilization 
Officer  Dean  C.  Glenn 
Mail  Code  IC-4 
Houston.  TX  77058 
(713)  483-3809 
Patent  Counsel: 
Edward  K.  Fein 
Mail  Code  AL3 
Houston.  TX  77058 
(713)  483^871 


has   been   filed.  development  should  be  addressed  to  the 

nonexclusive    or         Patent  Counsel.  Johnson  Space  Center 
Its    commercial         Refer  to  MSC-21487/TN. 


FOR  ADDITIONAL  INFORMATION:  Contact  Director,  Technology  Transfer  Division.  PO  Box  8757. 
BWI  Airport.  MD  21240,  (301)  62 10 100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


298 


rVIASATech  Bnef 

National  Aeronautics  and 
Space  Administration 

Langley  Research  Center,  Hampton,  Virginia 


Licensing 
Opportunity 


i 


Phenylated  Polyimides  With  Greater  Solubility 

These  polymers  are  made  from  3,6-diphenylpyromellitic  dianhydride  and  aromatic  diamines. 


Pyromellltic  dianhydride  (PMDA)  is  one 
of  the  dianhydrides  nnost  widely  used  in 
the  preparation  of  polyimides.  For  exann- 
ple,  if  is  used  by  Du  Pont  in  the  prepara- 
tion of  Kapton®  and  several  other  com- 
mercial products.  The  polyimides  prepared 
from  this  monomer  are  known  for  their  ex- 
cellent mechanical  properties  and  thermal 
stabilities.  In  experiments,  3,6-diphenyl- 
pyromellitic dianhydride  monomer  was 
prepared  and  polymerized  with  several  dif- 
ferent diamines.  Polyimides  with  pendent 
phenyl  groups  along  the  polymer  back- 
bones are  considerably  more  soluble  than 
the  PMDA-based  materials  are.  Increased 
solubility  eases  processing,  providing  in- 
creased potential  use  in  a  variety  of  appli- 
cations. 

The  phenylated  polyimides,  optionally 
end-capped  with  polymerizable  or  inert 
groups,  are  prepared  by  reacting  3,6-di- 
phenylpyromellitic dianhydride  or  its  alkyl 
diester,  alone  or  in  combination  with  other 
dianhydrides  or  their  diesters,  with  aro- 
matic diamines.  The  polymers  are  char- 
acterized by  the  presence  of  the  repeating 
unit  shown  in  the  figure. 

Because  most  of  the  polymers  are  solu- 
ble in  organic  solvents,  they  should  be 
usable  in  microelectronics  applications. 
Their  excellent  thermal  stabilities  and  their 
high  transition  temperatures  make  them 
ideally  suited  for  such  applications,  fvlany 
of  the  polymers  are  extremely  rigid  and 
may  be  useful  as  reinforcing  polymers  in 
molecular  composites.  The  more  flexible 
compositions  may  be  useful  as  matrix  res- 
ins in  carbon-reinforced  composites. 

This  work  was  done  by  Frank  W.  Harris 
of  the  University  of  Akron  for  Langley 
Research  Center. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.   Inquiries  concerning 


REPEATING  UNIT  OF  PHENYLATED  POLYIMIDE 


Notes: 

1.  Q  could  be 


where  G  is  O,  S,  SO2,  isopropylidine,  or  nothing,  and  the  terminal  covalent 
bonds  are  In  either  the  meta  or  the  para  position  with  respect  to  each  other. 


2.  Q  could  also  be 


CX3 

CX3 

where  G  is  O  or  S;  X  is  hydrogen  or  fluorine;  and  both  terminal  covalent 
bonds  are  in  the  ortho,  meta,  or  para  position  with  respect  to  G. 


Phenylated  Polyimides  With  Greater  Solubility  are  characterized  by  the  repeating  unit 
shown  at  the  top. 
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IWVSATech  Brief 

National  Aeronautics  and 
Space  Administration 

NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Reactive  Fluorescent  Dyes  for  Urethane  Coatings 

Unlike  prior  fluorescent  dyes,  these  would  not  outgas. 


Ivlolecules  of  fluorescent  dyes  would  be 
chemically  bound  in  urethane  conformal- 
coating  materials  to  enable  the  nondestruc- 
tive detection  of  flaws  in  the  coats  through 
inspection  under  ultraviolet  light,  according 
to  a  proposal.  This  dye-bonding  technique 
would  prevent  the  outgassing  of  the  dyes, 
making  the  coating  materials  suitable  for 
use  where  flaw-free  coats  must  be  as- 
sured in  instrumentation  or  other  applica- 
tions in  which  contamination  by  outgas- 
sing must  be  minimized.  In  contrast,  the 
nonbonding  fluorescent  dyes  in  current 
use  outgas  and  are,  therefore,  unaccept- 
able in  such  applications. 


In  the  dye-bonding  technique,  the  dye 
molecules  would  be  incorporated  as  in- 
tegral parts  of  the  polyurethane  coats.  This 
chemical  incorporation  of  a  dye  would  in- 
volve the  chemical  modification  of  the  dye 
to  make  it  react  with  the  two-part  urethane 
mixture.  A  small  amount  of  the  modified 
dye  would  be  added  to  the  mixture  before 
curing  it.  Once  the  curing  reaction  was 
complete,  the  dye  would  impart  permanent 
fluorescence. 

Such  chemically  modified  dyes  may  in- 
clude those  with  hydroxy,  amine,  or  iso- 
cyanate  functional  groups,  amine  or  hy- 
droxy groups  being  preferable  because  of 


their  insensitivity  to  moisture.  Examples  of 
such  fluorescent  compounds  include,  but 
are  not  limited  to,  adducts  of  5-dimethyl- 
aminonaphthalene-1-sulfonyl  chloride  or 
9-fluorenylmethyl  chloroformate  with  gly- 
cerine, triisopropanolamine,  or  trifunctional 
amine-terminated  polypropylene  oxides. 
This  work  was  done  by  Paul  B.  Willis 
and  Edward  F.  Cuddihy  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
NPO-18038/TN 
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Technology  Application 


Lawrence  Berkeley  Laboratory 


Chemistry  Behind  Vision  Time-Resolved 


The  first  step  in  the  chemical  process  that  enables  the  eye  to  detect  light  has  been  time-resolved  by  scientists  with 
the  Lawrence  Berkeley  Laboratory  (LBL)  and  the  University  of  California  at  Berkeley  (UCB).  This  reaction, 
which  takes  place  within  200  millionths  of  a  billionth  of  a  second,  is  behcved  to  be  the  fastest  ever  measured. 

LBL's  Robert  Schoenlein  and  Charles  V.  Shank,  and  UCB's  Linda  Peteanu  and  Richard  Mathies  used  strobe-like 
flashes  of  blue-green  laser  light  to  stop-the-action  on  the  twisting  of  a  chemical  bond  that  triggers  the  process  of 
sight.  The  bond  is  between  carbon  atoms  in  a  protein  called  rhodopsin,  the  main  constituent  of  the  rod  and  cone 
cells  in  the  eye's  retina. 

This  research  was  reported  in  the  October  18lh  issue  of  Science. 

"Our  observations  have  important  implications  for  the  development  of  such  things  as  artificial  vision  or  solar 
converters,"  says  Mathies.  "In  order  to  control  a  chemical  reaction  and  dictate  its  outcome,  we  must  first 
understand  its  dynamics." 

Scientists  have  long  known  that  the  twisting  or  "isomerizing"  of  the  rhodopsin  molecule  is  the  primary  step  in 
vision  but,  until  now,  did  not  know  how  quickly  it  takes  place.  The  LBL-UCB  team  was  able  to  record  in  a 
sequence  of  spectral  snapshots  the  entire  reaction  from  start  to  finish  using  laser  spectroscopy  techniques  they 
developed  that  operate  on  a  femtosecond  timescale.  A  femtosecond  is  a  millionth  of  a  billionth  or  one 
quadrillionth  of  a  second.  It  is  to  a  second  what  one  second  is  to  30  million  years. 


FOR  ADDITIONAL  INFORMATION:  Public  Information  Department,  ATTN:  Lynn  Yarris,  Lawrence  Berkeley 
Uboratory,  Berkeley,  CA  94720;  Telephone  (415)486-5375. 
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Technology  Application 


Idaho  National  Engineering  Laboratory 


Neural  Networks  for  Hearing 


A  need  was  established  for  a  speech 
elemenl  classifier  as  part  of  an  Air 
Force-sponsored  project  performed  at 
ihc  Id.iho  National  Engineering  Lab. 
This  classifier  had  to  be  capable  of 
dividing  continuous  speech  into  a  num- 
licr  of  phoneme-like  categories,  and 
also  had  to  be  independent  of  speaker 
idcnlity  and  individual  voice  charac- 
teristics. The  realization  of  a  phoneme 
classifier  with  these  qualities  has  long 
been  a  goal  of  speech  research,  in  par- 
ticular for  application  to  improving  the 
accuracy  of  automatic  speech  recog- 
nizers. 

The  feasibility  of  using  a  simulated 
neural  network  to  perform  this  clas- 
sification task  was  explored.  A  neural 
network  is  a  construct  simulated  with 
computer  software  that  has  some 
properties  in  common  with  intercon- 
nected biological  neurons,  such  as 
those  found  in  the  brain.  An  impor- 
tant property  that  neural  networks 
have  in  common  with  biological 
neurons  is  the  ability  to  "learn"  by  ex- 
ample. In  this  case,  a  neural  network 
"learned"  the  characteristics  that  dis- 
tinguish individual  sounds,  inde- 
pendent of  speaker. 

This  sound  classification  technique  is 
currently  the  subject  of  technology 
transfer.  The  intent  is  to  use  this  tech- 
nology in  constructing  a  speech  train- 
ing aid  for  the  hearing  impaired  that 
will  use  visual  feedback  of  speech 
sounds  to  convey  information  about 
the  sounds  in  a  way  that  can  be  easily 
learned. 

The  speech  training  aid  is  being  imple- 
mented on  a  computer  that  will  display 
the  speech  sounds  as  they  are 
produced  on  the  computer  graphics 
display.  Currently,  development  is  un- 
derway to  determine  the  best  method 


for  displaying  the  sound  categories 
along  with  other  important  informa- 
tion. The  display  must  provide  instan- 
taneous, intuitive  feedback  to  the  stu- 
dent;  or  it  will  fail  to  be  a  useful  aid. 

A  pattern  representing  a  sound,  word, 
or  phrase  generated  by  an  instructor 
will  be  displayed  on  the  computer 
screen,  to  be  used  as  a  template.  A 
hearing  impaired  student  will  attempt 
to  duplicate  the  graphical  pattern  dis- 
played by  making  speech  sounds.  Suc- 
cess in  duplicating  this  pattern  means 
that  the  student  has  produced  the 
proper  sequence  of  sounds  complete 
with  the  timing,  pitch  and  emphasis 
necessary  to  duplicate  the  utterance 
represented  by  the  template. 

The  software  implementing  the  simu- 
lated neural  network  and  the  other 
mathematical  processing  that  must  be 
applied  to  the  speech  signal  requires  a 
very  fast  computer  to  allow  the 
processing  to  keep  up  with  the  speech. 
A  special  chip  dedicated  for  these 
types  of  calculations,  a  Digital  Signal 
Processor  (DSP)  has  been  added  to 
the  computer  to  provide  this 
capability.  All  of  the  complex  calcula- 
tions involved  must  be  repeated  100 
times  per  second  to  catch  fast  tran- 
sients in  the  speech  as  they  happen. 

It  is  hoped  that  this  speech  training  aid 
will  help  to  greatly  reduce  the  effort 
required  of  a  hearing  impaired  person 
to  learn  speech  skills,  and  also  improve 
their  intelligibility.  Proficiency  at 
speech  is  crucial  if  the  hearing  im- 
paired are  to  have  freedom  from  the 
isolation  imposed  by  the  inability  to 
easily  communicate  with  the  people 
around  them. 

For  further  information,  contact 
Richard  Holman,  (208)  526-8318. 
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Calf  Extract  Benefits  Premature  Infants 


Calf-derived  surfactant-a  substance 
that  helps  the  lungs  expand  smoothly 
during  breathing-introduced  into  the 
lungs  of  premature  infants  immedi- 
ately at  birth  improved  survival  rates 
despite  the  continuing  risk  of  a  life- 
threatening  lung  disorder  known  as 
hyaline  membrane  disease.  The 
immediate,  or  "prophylactic,"  treat- 
ment was  superior  to  calf  surfactant 
"rescue  therapy"  given  several  hours 
later,  according  to  investigators  who 
evaluated  479  premature  babies  born 
at  three  New  York  medical  centers. 

Dr.  James  W.  Kendig,  associate 
professor  of  pediatrics  at  the 
University  of  Rochester  School  of 
Medicine  in  New  York  and  a  princi- 
pal investigator  in  the  randomized 
clinical  study,  says  that  88  percent  of 
the  premature  infants  given  surfac- 
tant prophylactically  at  delivery  sur- 
vivecd  and  were  discharged  to  go 
home  without  ventilatory  assistance. 
This  was  in  contrast  to  80  percent  sur- 
vival of  infants  whose  calf  surfactant 
treatment  began  several  hours  later, 
when  x-ray  films  and  monitoring 
devices  showed  signs  of  moderate-to- 
severe  respiratory  distress,  he  says. 
The  survival  advantage  of  the  pro- 
phylactic approach  was  particularly 
striking  in  a  subgroup  of  infants 
whose  gestational  age  was  estimated 
to  be  26  weeks  or  less.  Dr.  Kendig 
says. 

Hyaline  membrane  disease  (HMD), 
often  called  respiratory  distress  syn- 
drome, is  a  disorder  in  which  the 
alveoli,  or  air  sacs,  tend  to  collapse 
because  the  premature  infant's  lungs 
are  not  producing  enough  surfactant. 
Dr.  Kendig  explains  that  surfactant  is 
a  complex  combination  of  fats  and 
proteins  that  coats  the  surface  of  alve- 
oli and  lowers  their  surface  tension, 
facilitating  expansion  and  deflation 
during  breathing. 

For  premature  infants  deficient  in 
surfactant,  various  approaches  to  sur- 
factant replacement  therap\'  have 
been  studied  during  the  past  15 


years.  Dr.  Kendig  says.  Preparations 
of  human,  bo\'ine,  swine,  and  syn- 
thetic surfactant  have  been  adminis- 
tered in  a  variety  of  dosage  schedules 
in  efforts  to  lubricate  the  "stiff"  lungs 
of  these  babies  and  to  ease  their 
labored  breathing.  (For  more  infor- 
mation about  surfactant  therapy  of 
premature  infants,  see  the  Research 
Resouices  Reporter,  June  1988.)  In 
addition  to  surfactant  treatment  of 
the  newborn,  glucocorticoid  drugs 
such  as  betamethasone  mav  be 
administered  to  the  mother  a  few 
days  before  delivery  to  enhance  mat- 
uration of  the  fetal  lungs  and  their 
production  of  surfactant. 

Dr.  Kendig  and  coinvestigators  at 
Albany  Medical  College  and  the 
Westchester  Medical  Center  of  New 
York  Medical  College  in  Valhalla 
administered  a  calf  lung  surfactant 
extract  to  the  newborns  via  a  small 
plastic  tube  inserted  through  the 
mouth  to  the  trachea.  All  the  prema- 
ture infants  in  the  study  also  received 
supplementary  oxygen.  One  criterion 
for  an  infant  to  receive  surfactant 
therapy  in  the  rescue  arm  of  the 
study  was  a  requirement  (ov  at  least 
40  percent  oxygen-a  relatively  high 
level  considering  that  ordinary  room 
air  consists  of  21  percent  oxygen,  Dr. 
Kendig  says.  He  estimates  that 
despite  oxygen  therapy,  without  sup- 
plementary surfactant  the  infant  mor- 
tality would  probably  reach  about  30 
percent. 

By  random  assignment  235  of  the 
infants  received  the  prophylactic  dose 
of  surfactant  at  the  time  of  delivery; 
the  other  244  infants  were  initially 
treated  4  to  6  hours  after  delivery  at 
the  same  dose  level  if  chest  x-ray 
evaluation  and  either  oxygen  require- 
ments or  ventilator  pressures  indicat- 
ed clinically  severe  disease.  Infants  in 
both  groups  received  additional 
doses  of  surfactant  at  12-  to  24-hour 
intervals  as  required. 

The  higher  survival  rate  of  the 
infants  whose  initial  dose  of  surfac- 


tant was  given  propiiyiactically,  Dr. 
Kendig  says,  was  due  primarily  to 
the  longer  survival  of  the  most  pre- 
mature infants-thosc  of  26  weeks' 
gestation  or  less.  Seventy-five  percent 
of  those  very  premature  infants 
receiving  prophylaxis  survived,  in 
contrast  to  54  percent  of  rescue  thera- 
py recipients.  Pneumothorax,  a  disas- 
trous accumulation  of  air  in  the  pleu- 
ral space  surrounding  the  lungs  that 
often  leads  to  total  lung  collapse  and 
death,  occurred  in  7  percent  of  the 
very  premature  infants  in  the  pro- 
phylaxis group  and  in  18  percent  of 
those  receiving  rescue  therapy. 

"We  saw  an  inverse  correlation 
between  the  number  of  weeks  of  ges- 
tation and  the  differential  survival 
advantage  to  the  newborn,"  Dr. 
Kendig  says.  As  gestation  time 
increased,  the  benefits  of  prophylaxis 
lessened  with  each  successive  week, 
gradually  leveling  off  at  about  the 
30th  week.  The  usual  length  of  gesta- 
tion is  40  weeks. 

"No  evidence  of  an  immune  reac- 
tion against  the  calf  preparation  has 
been  seen,"  Dr.  Kendig  says.  "Im- 
mune complexes  related  to  the  bovine 
surfactant  have  not  been  detected. 
Children  now  aged  7  and  8  who 
received  the  calf  preparation  as  pre- 
mature infants  have  had  no  higher 
incidence  of  allergies  and  immuno- 
logic problems  than  average  chil- 
dren." 

The  Rochester  neonatologist  says 
that  the  calf  preparation  contains 
phospholipid  as  well  as  two  compo- 
nents called  surfactant  proteins  B  and 
C  that  are  essential  to  spreading  sur- 
factant throughout  the  alveoli. 
"Phospholipid  alone  won't  move  the 
surfactant  through  the  lungs,"  he 
says.  "Fortunately,  the  process  we 
use  to  extract  surfactant  from  bovine 
lungs  retains  both  of  these  important 
proteins,  and  they  remain  throughout 
its  production." 

One  disadvantage  of  administering 
calf  surfactant  prophylactically  to  all 
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premature  babies  is  that  30  to  40  per- 
cent of  those  receiving  it  do  not  need 
it,  according  to  Dr.  Kendig.  "Tliey 
would  not  all  develop  HMD  but  we 
cannot  identify  which  infants 
would,"  he  says.  "However,  we  do 
not  know  of  any  harmful  side  effects 
of  our  surfactant  instillation." 

Other  sources  of  replacement  sur- 
factant, particularly  natural  human 
amniotic  fluid,  require  a  great  deal  of 
time  and  effort  to  obtain.  Dr.  Kendig 
says.  He  notes  that  a  completely  syn- 
thetic compound,  with  organic  chem- 
icals substituted  for  the  proteins  B 
and  C,  has  been  approved  by  the 
U.S.  Food  and  Drug  Administration. 
"Also  on  the  horizon  is  the  possibili- 
ty-or  probability-of  a  genetically 
engineered  surfactant  within  the  next 
10  years,"  he  adds.  "The  genes  for 
human  surfactant  proteins  B  and  C 
have  already  been  cloned.  I  think 
there  will  eventually  be  a  biosynthetic 
surfactant  consisting  of  lipids  plus 
the  human  cloned-gene-derived  pro- 
teins." 

To  improve  on  their  current  calf 
surfactant  regimen.  Dr.  Kendig  and 
his  colleagues  are  exploring  an  alter- 
native schedule  of  administermg  sur- 
factant prophylactically.  "We  delay 
its  administration  5  to  10  minutes 
until  the  infant's  ventilatory  tubing  is 
in  place,  and  we  have  monitored  the 
heart  rate.  By  the  ti_me  breath  sounds 
tell  us  that  the  ventilatory  tube  is  in 
the  right  position,  the  baby's  color 
usually  has  improved,  and  we  go  on 
to  instill  the  surfactant.  We  are  now 
conducting  a  randomized  trial  to 
compare  immediate  prophylactic  sur- 
factant therapy  and  the  poststabiliza- 
tion  surfactant  administration,"  he 
savs. 
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For  Additional  Information: 

To  locate  information  or  professional  contacts 
on  this  effort,  contact: 

Research  Resources  Information  Center 
l601  Research  Boulevard 
Rockville,  MD  20850 
GOD  251-4970 
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Human  Biological  Data  Interchange 


A  newly  established  resource  holds 
an  unprecedented  store  of  biologic, 
genetic,  and  epidemiologic  data  on  di- 
abetes mellitus.  The  Human  Biologi- 
cal Data  Interchange  (HBDI)  in 
Philadelphia,  Pennsylvania,  offers  in- 
vestigators two  services:  An  interna- 
tional database  containing  extensive 
demographic  and  clinical  information 
on  nearly  4,300  families  consisting  of 
almost  23,000  diabetics  and  their  rela- 
tives (the  HBDI  Informahon  Center), 
and  a  repository  containing  approxi- 
mately 10,000  cell  cultures  from  70 
families  of  diabetics  (the  HBDI 
Repository). 

The  HBDI,  which  was  founded  in 
1989,  is  a  collaborative  effort  of  the 
National  Disease  Research  Inter- 
change (NDRI)  in  Philadelphia;  the 
Juvenile  Diabetes  Foundation  Interna- 
tional in  Chicago,  Illinois;  and  the 
Coriell  Inshtute  for  Medical  Research 
in  Camden,  New  Jersey.  NDRI  is  a 
nonprofit  organizahon  that  supplies 
biomedical  researchers  with  human 
tissues  and  organs;  it  is  supported  by 
the  Biological  Models  and  Materials 
Research  Program  of  the  National 
Center  for  Research  Resources  and 
the  National  Cancer  Institute.  "We 
created  the  HBDI  in  response  to  dia- 
betologists  and  geneticists  who  were 
studying  the  generics  of  the  disease 
and  needed  family  pedigrees  to  do 
so,"  says  Lee  Ducat,  president  and 
founder  of  the  HBDI.  "Once  they  let 
us  know  they  needed  cell  lines  from 
the  families  of  diabetics  to  do  their  re- 
search, we  consulted  with  the  Juve- 
nile Diabetes  Foundahon  to  draw  on 
its  membership  for  blood  samples  as 
well  as  for  information  relevant  to  ge- 
neric studies."  A  steering  committee 
that  advises  HBDI  on  the  develop- 
ment of  this  new  resource  is  chaired 
by  Dr.  Ake  Lemmark,  professor  of 
medicine  at  the  University  of  Wash- 


Dr.  Richard  Mulivor,  of  the  Coriell  Institute, 
is  director  ot  the  repository  of  cells  from 
families  of  diabetics-  The  cell  repository 


is  part  of  the  newly  established  Human 
Biological  Data  Interchange 


ington  in  Seattle. 

Member  families  responded  gener- 
ously to  the  first  stage  of  the  project, 
answering  lengthy  quesrionnaires  de- 
tailing family  histories,  demographic 
data,  and  medical  informarion,  all  of 
which  is  kept  conridenrial.  Given  the 
organizarion's  membership,  the  inirial 
area  of  interest  was  insulin-depend- 
ent, or  type  1,  diabetes — which  can 
develop  at  anv  age  but  usually  devel- 
ops prior  to  early  adulthood,  hence 
the  label  "juvenile  diabetes."  But  the 
HBDI  staff  soon  found  numerous 
cases  of  the  more  common  non-insu- 
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lin-dependent,  or  type  II,  diabetes 
among  family  members  in  the 
database. 

"We  now  have  in  the  database  fami- 
lies with  many  different  patterns  of 
the  disease:  Families  in  which  parents 
and  children  both  have  diabetes  (type 
I  and/or  type  II);  families  in  which 
parents  do  not  have  the  disease  and 
have  no  family  history  of  it,  but  sev- 
eral of  their  children  have  diabetes; 
families  in  which  as  many  as  six  indi- 
viduals have  some  form  of  diabetes; 
families  with  twins  of  whom  one  or 
both  have  diabetes.  We  have  idenri- 
fied  more  than  200  multiplex  fami- 
lies," Ms.  EXicat  says.  She  defines 
multiplex  families  as  those  in  which 
neither  parent  is  affected,  but  at  least 
two  siblings  have  insulin-dependent 
diabetes,  and  at  least  one  other  sib- 
ling is  unaffected. 

The  database,  which  is  continu- 
ously expanding  from  ongoing  re- 
cruitment of  diabetics  and  their 
families,  currently  includes  informa- 
tion on  families  from  across  the 
United  States  and  from  Canada,  Eng- 
land, Scotland,  and  Ireland.  Several 
races  are  represented,  including  the 
Caucasian,  Negroid,  Asian,  and 
American  Indian  races. 

The  second  stage  of  the  project  in- 
volved obtaining  and  storing  blood 
samples  from  the  multiplex  families 
and  from  others,  such  as  twins,  of 
particular  interest  to  geneticists;  cell 
lines  and  DNA  are  produced  from 
these  samples.  "We  chose  the  Coriell 
Institute  as  the  site  of  the  repository 
because  it  has  special  facilities  and 
many  years  of  experience,"  Ms.  Ducat 
says.  Coriell,  recognized  for  its  work 
in  acquisition,  standardization,  and 
certification  of  cell  cultures,  also  is  the 
site  of  the  National  Institute  of  Gen- 
eral Medical  Sciences'  Human  Generic 
Mutant  Cell  Repository  and  the  Na- 
tional Institute  on  Aging's  Cell 
Repository. 

The  database  also  contains  informa- 
tion about  900  families  that  have  risk 


factors  for  kidney  disease  such  as  hy- 
pertension and  includes  persons  on 
dialysis  and  individuals  who  have  had 
kidney  transplants.  "This  is  a  rich  da- 
tabase for  studying  the  complications 
of  diabetes,"  she  points  out. 

The  117  families  with  twins  or  trip- 
lets, both  identical  and  fraternal,  in 
which  one  or  two  are  diabetic  "is  the 
nice  beginning  of  a  twin  database  for 
scientists  who  want  to  study  the  onset 
and  progression  of  the  disease  in 
twin=  "  ^^"^  Ducat  notes. 

Rt.  _fs  interested  in  using  the 

HBDI's  database  should  obtain  an  ap- 
plication from  the  Philadelphia  office. 
There  is  a  one-time  application  and 
access  fee  of  $50,  which  also  provides 
the  investigator  with  access  to  the  re- 
pository and  with  relevant  periodi- 
cals, newsletters,  and  bibliographies. 

Those  interested  in  obtaining  DNA 
from  cell<5  in  thf  rpnocUorx?  can  re- 
view txic  ii-uL^.  ^.  .,;;o^  ot  j^edigrees 
and  purchase  aliquots  of  50  micro- 
grams; HLA  typing  informarion  is 
available  on  these  pedigrees. 

For  a  larger  fee  the  HBDI  also  offers 
a  complete  service  for  researchers. 
This  includes  identifying  families 
within  the  database  that  are  suitable 
for  the  researcher's  protocols;  coordi- 
nating the  blood  donations;  perform- 
ing EBV-transformation  to  create  cell 
lines  and  doing  HLA  typing,  if  re- 
quested; and  delivering  the  cell  lines 
to  the  researcher. 


^f    - 

F  Tor  more  information  about  the  Hu- 

i   man  Biological  Data  Interchange, 

.   contact: 

r  HBDI 

)•  2401  Walnut  Street 

r  Suite  408 

'    Philadelphia,  PA  19103 

Telephone:  (215)  557-0850 

(800)345-4234 
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LFAX:  (215)  557-7154 
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Simian  Retrovirus  Reference  Laboratory 


The  Simian  Retrovirus  Reference  Lab- 
oratory provides  serologic  testing  for 
three  viruses  that  concern  scientists 
who  use  primates  in  biomedical  re- 
search: Simian  immunodeficiency 
virus  (SIV),  simian  T-lymphotropic 
virus  (STLV),  and  a  group  of  retrovi- 
ruses known  as  simian  retrovirus 
type  D  (SRV-D),  according  to  princi- 
pal investigator  Dr.  Nicholas  W. 
Lerche. 

The  facility,  located  at  the  California 
Regional  Pnmate  Research  Center  at 
the  University  of  California,  Davis, 
and  supported  in  part  by  the  Compar- 
ative Medicine  Program  of  the  Na- 
tional Center  for  Research  Resources 
(NCRR),  also  offers  isolation  and 
characterization  of  these  viruses,  and 
it  maintains  a  serum  repository  that 
includes  all  the  known  serotypes  of 
SRV-D,  many  of  the  known  SIV  iso- 
lates, and  antisera  to  each  virus. 
These  reference  reagents  can  be  used 
to  identify  and  characterize  new  iso- 
lates as  well  as  to  identify  specific  sero- 
types or  strains  of  virus  discovered  in 
primate  colonies. 

The  laboratory  also  offers  serologic 
tesHng  for  primates  in  zoological  gar- 
dens and  tests  human  sera  in  cases  of 
occupational  exposure  to  simian 
retroviruses. 

The  Simian  Retrovirus  Reference 
Laboratory  was  established  in  1988  to 
meet  the  need  for  a  centralized 
screening  facility  that  uses  standard- 
ized methods,  reagents,  and  test 
interpretation.  It  was  designed  to  ac- 
commodate the  large  number  of  tests 
required  for  epidemiologic  surveil- 
lance of  entire  colonies  of  animals.  "If 
the  goal  is  to  eliminate  a  virus  from  a 
colony,  the  entire  group  must  be 
tested  and  then  retested  a  minimum 
of  3  months  later  to  look  for  any  fur- 
ther seroconversions.  And,  of  course, 
whenever  new  animals  are  brought 
into  an  established  colony  they  must 
be  tested  both  before  and  after  quar- 
antine," Dr.  Lerche  explains. 


To  date,  the  facility  has  screened 
over  14,000  serum  samples.  "The  type 
D  retroviruses  have  turned  out  to  be 
the  most  troublesome  to  researchers 
because  they  are  widespread,  and 
they  cause  significant  morbidity  and 
mortality  in  captive  macaques.  They 
definitely  affect  the  immune  function 
of  infected  animals,"  Dr.  Lerche  says. 

"STLV  is  common  among  Asian  and 
African  primates,  including  apes,  in 
Asian  macaques  it  produces  no  overt 
disease  but  may  have  subtle  immune 
effects,  so  one  needs  to  know  the 
viral  status  of  research  animals  before 
thev  are  included  in  studies,"  he  con- 
tinues. "In  African  species  STLV  is  as- 
soaated  with  leukemia  and 


Dr.  Nicholas  Lerche  and  medical  tech- 
nologist JoAnn  Yee  prepare  nonhuman 
primate  serum  samples  for  testing  for 
simian  retroviruses. 


Ivmphoma,  much  as  HTLV  in  humans 
is  associated  with  those  disorders." 

SIV,  the  third  type  of  retrovirus,  is 
extremely  rare  in  Asian  monkeys  but 
does  affect  African  species.  "Investi- 
gators definitely  want  experimental 
animals  that  are  free  of  this  virus," 
Dr.  Lerche  says,  adding  that  SIV  is 
now  the  premier  animal  virus  model 
for  human  AIDS  research. 

Although  some  commercial  labora- 
tories offer  similar  serologic  testing, 
there  are  several  advantages  to  using 
the  Simian  Retrovirus  Reference  Lab- 
oratory, in  addition  to  its  ability  to 
handle  large-scale  screening,  he  says. 

"We  provide  services,  not  just  test 
results.  We  can  advise  researchers  on 
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management  approaches  if  they  get 
positive  results — for  example,  setting 
up  an  epidemiologic  surveillance  pro- 
gram to  eliminate  the  virus  from  the 
colony.  We're  interested  in  keeping 
whole  colonies  healthy,"  Dr.  Lerche 
says. 

He  adds  that  the  facility  can  assist 
researchers  in  establishing  and  main- 
taining colonies  that  are  free  of  spe- 
cific retrovirus  pathogens.  These  are 
known  as  specific-pathogen-free 
(SPF)  breeding  colonies,  and  they  are 
becoming  increasingly  popular  for 
two  reasons:  They  help  handlers 
avoid  unnecessary  exposure  to  infec- 
tious agents,  particularly  to  a  virus 
such  as  SrV  that  is  closely  related  to 
HIV,  the  human  AIDS  virus;  and  sec- 
ondly, they  improve  the  overall  qual- 
ity of  primates  as  experimental 
animals.  "The  fewer  infectious  agents 
the  animals  carry,  the  more  useful 
they  are  for  biomedical  research,"  Dr. 
Lerche  emphasizes. 

In  aauition  to  virus  isolation  and 
antibody  testing,  the  Simian  Retrovi- 
rus Reference  Laboratory  also  per- 
forms viral  antigen  detection, 
neutralization  assays,  and  a  variety  of 
other  specialized  services.  Research 
and  development  of  newer  diagnostic 
methods,  another  goal  of  the  labora- 
tory, is  the  responsibility  of  laboratory 
director  Dr.  Myra  Jennings. 

Unlike  some  commercial  laborato- 
nes,  the  facility  also  routinely  con- 
firms all  samples  that  produce 
positive  results.  "Our  pnmary  screen- 
ing is  done  by  ELISA  [an  enzyme  im- 
munoassay], and  every  positive 
ELISA  result  is  automatically  con- 
firmed using  the  more  specific  West- 
ern blot  test.  And  we  find  manv  false 
positives,"  he  notes. 

Another  benefit  of  usmg  the  refer- 
ence laboratory  is  that  it  offers  a  sec- 
ond layer  of  testing  for  particular 
viruses  that  may  escape  detection  bv 
serology  alone.  Serology  is  probably 
sufficient  screening  for  both  SIV  and 


STLV,  but  the  type  D  viruses  pose  an- 
other problem.  "Some  animals  that 
are  infected  and  are  shedding  virus 
never  develop  antibodies,  so  serology 
alone  will  not  identify  them.  One  has 
to  culture  the  virus  and  try  to  isolate 
it,"  Dr.  Lerche  explains.  These  proce- 
dures are  extremely  labor  intensive 
and  expensive  and  require  a  long  time 
to  produce  results. 

Moreover,  all  of  the  facility's  serv- 
ices are  offered  to  biomedical  re- 
searchers at  significantly  reduced 
costs.  "Originally  we  had  envisioned 
that  within  2  years  we  would  move 
from  being  fully  funded  by  the  NCRR 
to  becoming  self-sufficient  by  charg- 
ing fees  for  our  services.  But  right 
now  we  are  about  half  subsidized  and 
half  self-supporhng;  we  charge  full 
fees  for  testing  of  commercial  primate 
colonies  and  discount  fees  for  testing 
of  research  colonies,"  he  says. 

Zoological  collecHons  use  the  facil- 
ity mostly  for  screening  their  primate 
populations  for  SIV.  Given  the  rela- 
tionship between  SIV  and  HIV,  zoo 
personnel  want  to  keep  track  of  ex- 
actly what  they  may  be  exposed  to. 
Dr.  Lerche  notes. 

Sera  from  researchers  who  may 
have  been  occupationally  exposed  to 
simian  retroviruses  have  been  tested 
at  the  facility  for  the  presence  of  anti- 
bodies, and  foUowup  serology  and  vi- 
rus isolation  have  been  provided  for 
12  individuals  with  known  occupa- 
tional exposure  to  the  pathogens,  he 
says. 


For  more  detailed  information  on  the 
Simian  Retrovirus  Reference  Labora- 
tory contact: 
Dr.  Nicholas  Lerche 
California  Regional  Primate  Research 
Center 

University  of  California,  Davis 
Davis,  CA  95616 
(916)  752-6490 
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Design  of  a  Fracture  Plate  Clamp 


Problem  The  use  of  metal  plates  for  the  stabilization  of 
fractured  bones  has  steadily  gained  in  popularity  during 
the  past  fifteen  years.  Plate  and  screw  fixation  is  now  the 
treatment  of  choice  for  many  types  of  forearm  fractures. 
The  surgical  application  of  a  fracture  fixation  plate  requires 
specialized  tools  and  hardware.  Prior  to  screw  placement, 
the  plate  must  be  temporarily  attached  to  the  fractured 
bone  using  an  adjustable  clamp.  Surgeons  sometimes  find 
existing  clamping  devices  to  be  unstable,  uncomfortable 
and  difficult  to  use.  This  can  result  in  non-optimal  screw 
placement  and  inadequate  fixation.  The  goal  of  the  present 
study  is  to  make  an  improved  fracture  plate  application 
clamp  which  eliminates  the  deficiencies  in  existing  designs. 

Significance  The  surgical  application  of  an  internal 
fixation  device  to  a  fractured  bone  is  the  most  frequent 
operation  performed  by  orthopaedic  surgeons  in  the 
United  States,  representing  approximately  10%  of  all 
orthopaedic  procedures.  The  total  annual  cost  to  society 
due  to  arm  and  leg  fractures  approaches  3  billion  dollars  in 
the  US  alone.  Improved  designs  of  orthopaedic  implants  as 
well  as  the  associated  instrumentation  can  lead  to  reduc- 
tions in  1)  operating  room  time,  2)  direct  and  indirect  med- 
ical costs,  3)  complication  rates,  and  4)  healing  times. 

Background  Internal  fixation  of  a  fractured  bone  in- 
volves a  series  of  surgical  steps.  These  include  1)  surgical 
exposure,  2)  relocation  or  reduction  of  the  fractured  bone, 
3)  stabilization  of  the  plate  and  the  fracture  segments  in 
the  anatomical  position  using  temporary  clamps,  4)  plate 
application,  and  5)  surgical  closure.  Existing  fracture  plate 
clamps  used  in  the  stabilization  step  usually  incorporate  a 
curved  geometry  and  a  serrated  tip.  Most  devices  operate 
much  like  a  pair  of  scissors  which  lock  in  place  by  either  a 
ratchet  or  a  screw  mechanism.  The  path  of  the  jaws  during 
closing  is  an  arc.  This  motion  leads  to  point  contact  of  the 
jaws  on  the  bone  fragments  resulting  in  localized  loading 
and  high  contact  pressures.  The  small  contact  area  may 
provide  only  minimal  stability,  while  causing  damage  to 
the  underlying  bone  tissue. 


Hypothesis  All  orthopaedic  implants  require  the  use  of 
associated  instrumentation.  Instruments  and  tools  which 
are  designed  and  optimized  for  use  with  a  particular  device 
should  function  better  and  be  easier  to  use  than  instru- 
mentation designed  for  general  use. 

Approach  The  objective  of  this  project  is  to  design  and 
develop  a  clamp  specifically  for  and  to  be  used  with  a  frac- 
ture fixation  plate.  Interviews  with  practicing  orthopaedic 
trauma  surgeons  led  to  the  following  set  of  design  criteria: 


Screw  lock 


Upper  handle  — ►/ 


-• Upper  jaw 

^^h  Silicone  rubber 


Lower  jaw 


Lower  handle 


Screw  adjustment 


Figure  1.  First  Iteration  prototype  "linear  ciamp." 

Size 

Should  be  comparable  to  or  smaller  than  presently  used 
clamps.  .Approximately  9.3  to  10.8  inches  in  overall 
length. 

Force 

Should  provide  clamping  force  that  is  enough  to  stabi- 
lize the  plate  on  the  bone,  but  not  enough  to  harm  the 
bone.  Presently  used  clamps  produce  a  force  that  is  2.5 
to  3.0  times  the  force  applied  by  the  surgeon. 
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Manufacturability 

Should  minimize  the  complexity  and  overall  number  of 
parts  in  order  to  keep  down  cost  and  ensure  reliability. 

Ease  of  Use 

Should  be  easy  to  manipulate  within  the  exposed  area, 
not  bulky  or  cumbersome,  and  easy  to  apply.  A  quick 
locking  mechanism  is  needed  to  clamp  the  bone  in  the 
ideal  position  after  relocating  the  fracture  fragments. 

Status  A  drawing  of  a  first  iteration  prototype  has  been 
completed  and  is  shown  in  Figure  1.  The  device  consists  of 
a  linkage  that  moves  the  jaws  of  the  clamp  along  a  linear 
path  to  meet  each  other  and  hold  the  plate  onto  the  bone. 
Because  of  the  motion  of  the  jaws,  the  device  is  referred  to 
as  a  linear  clamp.  The  linear  motion  and  the  silicon  lined 
jaws  should  result  in  a  more  stable  construct  than  is  ob- 
tainable with  conventional  clamps. 

Most  existing  clamps  come  in  three  or  more  different 
sizes.  Small  clamps  can  be  used  on  bones  less  than  1/2  inch 


in  diameter.  Medium  clamps  are  for  bones  between  1/2 
and  1  inch  in  diameter  and  large  clamps  are  required  on 
bones  larger  than  1  inch  in  diameter.  Because  of  its  design, 
the  new  linear  clamp  design  can  be  used  on  any  bone 
between  1/2  inch  in  diameter  and  11/2  inches  in  diameter. 
Fabrication  of  the  first  iteration  prototype  has  not  yet 
occurred.  However,  upon  fabrication,  laboratory  testing 
must  be  done  to  evaluate  performance  and  to  point  out 
design  flaws.  A  subsequent  second  generation  prototype 
will  then  be  subjected  to  laboratory  and  clinical  testing. 

Support 

RR&D  Center  core  resources 

VA  RR&D  Merit  Review  (1989-present) 

FOR  ADDITIONAL  INFORMATION:  Contact  the 
author  listed  at  (415)  493-5000,  ext.  4480.  RehabUitation 
and  Research  Center,  VA  Medical  Center/153,  3801 
Miranda  Avenue,  Palo  Alto,  CA  94304. 
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Computer  Models  for  Designing 
Functional-Electrical-Stimulation  Systems  for 
Paraplegic  Standing  and  Walking 


Problem  Persons  with  spinal  cord  injury  resulting  in 
paraplegia  need  to  regain  functional  use  of  their  legs. 
Functional  electrical  stimulation  (FES)  of  nerves  going  to 
paralyzed  leg  muscles  has  shown  that  paraplegics  can  stand 
and  step.  Unfortunately,  there  remain  technical  problems 
that  must  be  resolved  before  natural-like  standing  and 
walking  become  possible,  and  before  such  applications  of 
FE5  become  a  clinical  reality.  One  of  these  problems  is  lack 
of  knowledge  of  the  trade-offs  among  alternative  designs  of 
FES  systems. 

Significance  Functional  electrical  stimulation  to  restore 
mobility  has  potential  for  wide  use  among  those  para- 
plegics whose  spinal  cord,  after  injury,  retains  many  intact 
nerves.  The  goal  of  this  project  is  to  use  computer  tech- 
niques to  design  FES  systems  and  to  study  the  trade-offs 
among  alternative  designs.  Eventually,  this  work  will  lead 
to  computer-aided  design  techniques  so  that  systems  can 
be  constructed  enabling  each  paraplegic-user  to  achieve 
maximum  performance.  Such  computer-modeling  studies 
and  design  methods  should  improve  user  acceptance  of  FES 
systems,  reduce  the  risks-to-benefits  ratio  for  patients  who 
are  candidates  for  implanted  FES  systems,  and  reduce  the 
amount  of  experimentation  needed  to  develop  clinical  FES 
systems  for  restoring  mobility  to  paraplegics. 

Bmckground  Functional  electrical  stimulation  of  para- 
lyzed muscles  is  potentially  a  useful  method  for  restoring 
standing  and  walking  in  paraplegics.  Problems  exist,  how- 
ever, that  must  be  solved  before  FES  becomes  clinically 
acceptable.  These  problems  include  unreliable  stimulating 
electrodes,  insufficient  muscle  strength  and  fatigue  resis- 
tance of  the  paralyzed  muscles,  and  unavailability  of  a 
totally  implantable  stimulation  system.  Another  problem 
is  the  lack  of  suitable  engineering  models  to  study  the 
trade-offs  among  alternative  FES  schemes  proposed  for  con- 
trolling paraplegic  standing  and  walking. 

Hypothesis  We  hypothesize  that  the  use  of  large-scale 
computer  models  based  on  engineering  principles  is  essen- 
tial to  the  systematic  development  of  FES  systems,  just  as 


such  models  are  necessary  in  controlling  aircraft,  satellites, 
robots,  and  in  planning  economic  policy. 

Approach  Our  approach  is  to  pursue  three  objectives 
simultaneously.  One  objective  is  to  formulate  a  control 
problem  of  standing  and  walking,  implement  the  control 
problem  on  a  computer,  and  study  the  trade-offs  among 
alternative  control  schemes.  The  computer-simulated  con- 
trol problem  consists  principally  of  a  model  of  the  muscu- 
loskeletal system  being  controlled,  a  model  of  the  feedback 


Figure  1.  Program  overview. 


sensors  employed,  and  a  feedback  controller  whose  prop- 
erties are  chosen  by  optimization  of  some  performance  cri- 
terion. Another  of  our  objectives  is  to  understand  the 
functional  significance  of  individual  muscles  to  mainte- 
nance of  upright  posture,  with  emphasis  on  identification 
of  functional  muscular  synergies.  To  accomplish  this  objec- 
tive we  are  using  a  computer  model  of  the  musculoskeletal 
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system  and  focusing  on  tlie  mechanics  and  geometry  asso- 
ciated with  posture  and  the  imposition  of  various  physical 
constraints,  such  as  keeping  one's  knees  fully  extended  or 
one's  feet  flat  on  the  ground.  Our  final  objective  is  to  place 
in  operation  a  state-of-the-art  graphics  workstation  to  dis- 
play in  real-time  an  animation-like  simulation  of  the 
human  body  under  FES  control.  This  final  objective  is  pred- 
icated on  the  assumption  that  computer  graphics  and  sim- 
ulation is  an  effective  communication  medium  for  the 
rehabilitation  team,  especially  one  with  members  of  dis- 
parate training,  as  quite  commonly  occurs. 

Status  We  have  developed  a  computer  model  of  the  con- 
trol of  posture  in  paraplegics,  assuming  an  FES  system  is 
used  to  activate  and  control  the  paralyzed  musculature  (see 
Report  23).  Studies  based  on  this  model  suggest  how  to 
activate  muscles  to  control  paraplegic  posture  with  ener- 
getic efficiency.  These  schemes  indicate  how  muscles 
should  be  coordinated  to  restore  upright  posture  from,  say, 
a  seated  position,  and  what  sequence  of  activation  of  mus- 
cles is  needed  to  maintain  posture  when  paraplegics  move 
their  arms,  as  when  they  reach  for  objects. 

We  have  developed  another  model  of  posture  that 
was  used  to  define  how  far  from  the  upright  posture  the 
body  can  be  perturbed  without  the  paraplegic  falling. 
Results  from  this  model  suggest  that  there  are  specific  syn- 
ergies of  activation  of  muscles  that  are  conceptually  sim- 
ple, yet  quite  effective  in  restoring  posture.  The  identification 
of  these  synergies  is  needed  because  less  computationally 
demanding  controllers  for  FES  systems  are  required  if  prac- 
tical implementation  is  to  be  imminent. 

We  have  formulated  two  models  and  implemented 
them  on  the  computer  to  study  designs  of  FES  systems  that 
have  potential  in  restoring  natural  gait  to  paraplegics  (see 
Report  24).  One  model  was  used  to  study  the  requirements 
that  muscles  must  meet  (e.^.,  strength),  and  how  a  limited 
set  of  muscles  (since  only  a  limited  set  is  available  to  FES 
systems)  may  be  coordinated  to  restore  not  only  stepping, 
but  walking  that  looks  similar  to  that  of  an  able-bodied 
person.  Assuming  the  FES  system  is  complemented  by  few 
external  braces,  the  model  predicted  that  at  least  14  mus- 
cle groups  must  be  stimulated  to  produce  a  near-normal 
gait.  Unfortunately,  the  model  also  predicted  that  some 
muscles  must  produce  force  in  excess  of  50%  of  normal 
strength,  which  exceeds  the  expected  force-generating 
capacity  of  FES-paralyzed  muscle.  It  was  also  concluded 
that  an  ankle-foot  orthosis  must  be  employed  for  normal 
gait  to  be  produced  with  14  channels  of  stimulation. 


Another  model  has  been  developed  to  study  ambula- 
tion by  paraplegics  fitted  with  extensive  bracing  (e.g., 
mechanically-coupled  long-leg  braces),  with  or  without 
complementary  FES.  In  the  future  this  model  will  produce 
simulations  to  assess  how  well  alternative  FES  systems  with 
few  channels  of  stimulation  can  control  gait. 
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SIMM:  Software  for  Interactive  Musculoskeletal 
Modeling 


Problem  Biomechanics  researchers  develop  and  analyze 
mathematical  models  of  musculoskeletal  stnactures  to  sim- 
ulate surgical  reconstructions  and  examine  other  issues  of 
muscle  function. 

This  modeling  process  is  time  consuming  for  two 
reasons.  First,  because  software  tools  are  not  generally  avail- 
able to  assist  the  researcher,  detailed  models  of  muscles, 
tendons,  and  joints  must  be  developed  from  scratch. 
Second,  it  is  difficult  to  develop  accurate  models  of  com- 
plex three-dimensional  geometric  and  kinematic  relation- 
ships without  using  computer  graphics  to  visualize  them. 
As  a  result,  an  interactive  graphical  modeling  program  is 
needed  to  facilitate  the  creation  of  musculoskeletal  models. 

Significance   A  general-purpose  musculoskeletal  model- 
ing program  could  assist  many  biomechanics  researchers  in 


developing  models  of  a  variety  of  musculoskeletal  struc- 
tures. It  would  not  only  reduce  the  time  needed  to  create  a 
model,  but  would  also  enable  researchers  with  no  pro- 
graming experience  to  develop  and  analyze  a  model. 
Additionally,  the  graphics  display  could  be  used  to  verify 
the  accuracy  of  the  geometric  and  kinematic  relations. 

Background  There  currently  exist  no  graphics-based 
modeling  programs  that  enable  the  user  to  develop  and 
analyze  models  of  a  variety  of  musculoskeletal  structures. 
Thus  in  the  past,  biomechanics  researchers  have  had  to 
write  their  own  software  to  implement  a  model  of  a 
specific  structure,  and  then  rewrite  some  of  the  code  when 
they  wanted  to  change  a  portion  of  the  model.  Since  some 
of  these  musculoskeletal  models  involve  complex  three- 
dimensional  structures  and  motions,  it  is  an  additional 


bone  files 


lolnt  tile 


muscle  file 


Figure  7  Structure  of  musculoskeletal  modeling  software.  Input  files  describing  tfie  bone  surfaces  (bone  files),  joint  kinematics  (joint  file). 
and  muscle  properties  (muscle  file)  are  read  in  to  make  a  musculoskeletal  model  A  model  can  be  altered  using  tfie  joint  editor,  muscle 
editor,  and  model  viewer.  Information  is  extracted  from  the  model  by  making  plots  or  by  exporting  edited  joint  and  muscle  files. 
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burden  on  the  researcher  to  visualize  the  model  as  he  or 
she  writes  the  software  to  implement  it.  Since  the  geome- 
try of  the  musculoskeletal  system  and  the  kinematics  of  the 
joints  affect  the  forces  and  joint  moments  that  each  mus- 
cle can  produce,  it  is  essential  to  verify  that  they  are  mod- 
eled correctly.  An  interactive  computer  graphics  display  is 
therefore  an  important  tool  for  developing  complex  mus- 
culoskeletal models. 

Hypothesis  We  believe  that  a  computer  program  can  be 
developed  that  will  allow  the  user  to  create  a  model  of  any 
musculoskeletal  structure  which  is  accurate  enough  to  pre- 
dict realistic  muscle  forces  and  joint  moments.  We  further 
believe  that  a  graphics-based  interface  to  this  model  can  be 
developed  that  will  enable  users  to  change  the  model 
parameters  and  quickly  analyze  the  effects  on  muscle  forces 
and  joint  moments. 

Approach  We  have  implemented  our  software  (called 
SIMM)  on  an  IRIS  41)/25  graphics  workstation  (Silicon 
Graphics  Inc.).  In  SIMM,  a  model  is  defined  by  specifying 
the  surfaces  of  the  bones,  the  kinematics  of  the  joints,  and 
the  geometry  (lines  of  action)  and  force-governing  param- 
eters of  the  muscles.  The  static  function  of  each  muscle  can 
be  analyzed  by  computing  isometric  muscle  force  and  joint 
moments  at  any  body  position. 

We  established  four  goals  in  designing  and  imple- 
menting SIMM.  Specifically,  the  software  should: 

1)  be  general  enough  so  that  a  wide  variety  of  muscu- 
loskeletal structures  can  be  modeled; 

2)  provide  realistic  models  of  muscle  and  tendon,  and 
allow  accurate  specification  of  joint  kinematics; 

3)  provide  an  interactive,  graphics-based  environment  so 
the  model  can  be  visualized,  altered,  and  analyzed 
efficiently;  and 

4)  be  extensible  so  that  new  features,  such  as  a  more  com- 
plex muscle-tendon  model,  can  easily  be  added  to  the 
software. 

An  effective  user  interface  is  a  crucial  part  of  SIMM. 
To  create  an  interactive  graphics-based  environment  as 
stated  in  the  above  goals,  we  have  developed  four  software 


tools  to  help  the  user  modify  and  study  a  model. 

The  model  viewer  allows  the  user  to  rotate,  scale,  and 
translate  the  model  into  any  viewing  perspective.  The  joint 
editor  enables  the  user  to  graphically  manipulate  the  kine- 
matics of  any  joint.  The  muscle  editor  gives  access  to  every 
parameter  that  describes  a  muscle.  The  plot  maker  allows 
the  user  to  plot  various  computed  properties  of  the  muscle- 
tendon  actuators,  such  as  moment  arm,  and  force.  In  addi- 
tion to  these  tools,  there  are  two  tools  which  read  and 
write  the  files  that  describe  the  musculoskeletal  models. 
Figure  1  gives  a  graphical  view  of  these  tools. 

Status  The  first  version  of  SIMM  has  been  completed, 
and  is  being  used  in  six  biomechanics  laboratories  around 
the  country.  We  have  used  the  software  to  develop  a  mus- 
culoskeletal model  of  the  lower  extremity,  which  compares 
well  with  experimental  data  from  the  literature  (see 
Report  27).  SIMM  has  also  been  used  to  simulate  tendon 
transfer  surgeries  on  this  lower  extremity  model  (see 
Report  28). 

Acknowledgements  Eric  Topp  for  developing  an  effi- 
cient method  for  computing  moment  arms.  Melissa  Hoy, 
Eric  Topp,  and  Felix  Zajac  for  the  many  discussions  we 
have  had  related  to  musculoskeletal  modeling.  We  thank 
Idd  Delp  for  help  with  the  illustration. 
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Surgery  Simulation:  Computer  Models  to  Study 
Reconstructive  Surgeries 


Problem  When  the  human  body  is  impaired  due  to  dis- 
ease or  trauma,  function  can  sometimes  be  restored  with 
surgical  reconstruction.  Such  reconstructions,  however, 
often  compromise  the  capacity  of  the  muscles  to  generate 
force  and  moment  about  joints.  Lack  of  sufficient  muscle 
strength  or  moment  arm  can  leave  patients  with  weak  or 
non-functional  limbs.  At  present  surgeons  have  no  quanti- 
tative tools  to  preoperatively  evaluate  the  effect  of  a 
planned  surgical  procedure.  As  a  result,  the  outcome  of 
many  reconstructive  surgeries  is  uncertain,  and  the  inno- 
vation of  new  procedures  is  limited. 

Significance  Musculoskeletal  disorders  are  reported  as  a 
major  source  of  morbidity  nationally.  Many  individuals 
with  musculoskeletal  disorders  may  be  helped  by  the 
insight  gained  from  this  project,  since  reconstructive  surg- 
eries are  performed  for  these  individuals.  We  expect  that 
improved  understanding  of  a  surgical  intervention  will  lead 
to  more  effective  surgeries  and  therefore  will  improve  the 
functional  result. 

Background  Predicting  the  outcome  of  surgical  proce- 
dures has  been  of  interest  for  many  years.  In  the  past,  sur- 
geons and  engineers  have  used  clay,  wood,  or  plastic 
models  to  visualize  the  geometric  changes  that  occur  dur- 
ing surgery.  With  advances  in  medical  imaging  technolo- 
gy {e.g.,  CT  scanning),  however,  computer  models  have 
emerged  to  help  plan  surgical  procedures.  While  this 
method  is  well-suited  to  detail  a  patient's  skeletal  geome- 
try, it  does  not  provide  a  means  to  understand  how  a 
planned  reconstruction  will  affect  muscle-tendon  function. 
Unlike  previous  surgical  simulations,  we  plan  to  design  our 
computer  models  to  help  understand  the  biomechanical 
effects  of  reconstructions  on  bone,  muscle,  and  tendon.  We 
will  use  computer  graphics  rather  than  physical  models  for 
interacting  with  the  three-dimensional  musculoskeletal 
structures. 

Hypothesis  We  believe  that  an  effective  way  to  design 
reconstructive  surgeries  is  to  use  computer  models  of  the 
musculoskeletal  system  to  understand  the  biomechanical 


consequences  of  surgical  procedures.  We  propose  to  devel- 
op computer  models  to  study  the  effects  of  reconstructive 
surgeries  on  the  complex  behavior  of  the  musculoskeletal 
system.  We  hypothesize  that  the  use  of  such  models  will 
significantly  improve  the  surgeon's  ability'  to  plan  surgeries 
by  providing  information  about  the  biomechanical  conse- 
quences of  a  planned  surgical  intervention. 

Approach  In  this  project,  wc  will  use  computer  models 
to  study  reconstructive  surgeries  of  the  lower  extremity.  We 


Figure  1.  Surgery  simulation  system.  Computer  simulation  of 
surgical  procedures  can  help  to  understand  how  surgical  changes 
in  the  musculoskeletal  system  affect  the  force-  and  moment- 
generating  capacity  of  the  muscles.  The  two  windows  on  the  left 
show  the  biomechanical  consequences  of  a  simulated  hip 
osteotomy.  The  two  windows  on  the  right  show  the  muscle  force 
produced  before  and  after  a  simulated  tendon  transfer. 
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will  investigate  such  issues  as: 

•  Which  muscle  is  the  best  candidate  to  replace  a  lost 
muscle? 

•  How  much  can  a  tendon  be  lengthened  before  muscle 
weakness  occurs? 

•  Is  weakness  following  a  reconstruction  due  to  change  in 
muscle  length  or  moment  arm? 

Computer  graphics  will  be  used  to  visualize  the  complex 
interactions  among  components  of  the  musculoskeletal 
system,  and  as  an  important  communication  tool  for  inter- 
acting with  surgeons. 

Status  We  have  created  a  graphics-based  software  pack- 
age for  interactive  musculoskeletal  modeling,  SIMM,  des- 
cribed in  detail  in  Report  26  (Figure  1).  We  have  used  SIMM 
to  develop  and  validate  a  three-dimensional  model  of  the 
human  lower  extremity  that  predicts  the  muscle-tendon 
forces  and  moments  in  three  dimensions  (see  Report  27).  We 
have  used  the  model  to  study  the  effects  of  tendon  length- 
ening and  transfer  surgeries  about  the  ankle  and  knee 
joints  (see  Report  28). 
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Technology  Application 


Ames  Laboratory 


New  Analytical  Technique  Enhances  Biological 
Studies 

Microfluor  Detector 

A  new  device  based  on  laser-excited  fluorescence  provides  unparallelled  detection  of 
biological  materials  for  which  only  limited  sample-sizes  may  be  available.  This  device, 
invented  at  the  Ames  Laboratory,  also  received  a  1991  R&D-IOO  Award. 

The  need  for  improved  detection  techniques  is  being  driven  by  important  studies  of  the 
human  genome,  abuse  substances,  toxins,  DNA  adduct  formation,  and  amino  acids,  all  of  which 
may  be  difficult  to  study  because  of  the  limited  sample  amounts  available. 

Although  powerful  and  efficient  methods  such  as  capillary  electrophoresis  have  been 
developed  for  separating  biological  mixtures  in  small  volumes,  equally  powerful  techniques  for 
subsequent  detection  and  identification  have  been  lacking. 

The  Ames  Microfluor  detector  meets  this  need,  combining  the  capability  to  analyze 
very  small  volumes  with  very  high  sensitivities.  The  underlying  principle  of  the  instrument 
design  makes  use  of  the  fact  that  drugs  and  many  important  biomaterials  are  fluorescent,  and 
many  other  biomaterials  such  as  peptides  and  oligonucleotides  can  be  made  to  fluoresce  by 
adding  a  fluorescent  tag. 

When  a  sample-filled  capillary  tube  is  inserted  into  the  Microfluor  detector  and  is 
irradiated  by  a  laser  beam,  the  sample  will  fluoresce.  The  detector  detects,  monitors  and 
quantifies  the  contents  by  sensing  the  intensity  of  the  fluorescent  light  emitted.  The  signal  is 
proportional  to  the  concentration  of  the  material.  The  proportionality  constant  is 
characteristic  of  the  material  itself. 

Analyses  can  be  p>crformed  with  sample  sizes  50  times  smaller  than  that  required  by 
other  methods,  and  concentrations  as  low  as  10'^*^  M  can  be  measured.  These  two  features  make 
the  Microfluor  detector  uniquely  compatible  with  capillary  electrophoresis.  In  addition,  the 
Ames-developed  detector  is  distinct  from  other  laser-excited  detectors  in  that  it  is  not  seriously 
affected  by  stray  light,  and  allows  simple  alignment  and  operation  in  full  room  light. 

The  Microfluor  detector  has  already  been  used  to  determine  the  extent  of  adduct 
formation  and  base  modification  in  DNA,  so  that  one  can  study  the  effect  of  carcinogens  on 
living  cells.  Future  uses  of  the  detector  will  include  DNA  sequencing  and  protein  sequencing. 
With  direct  or  indirect  fluorescence  detection,  researchers  are  using  this  technique  to  study  the 
chemical  contents  of  individual  living  cells.  This  may  allow  pharmaceutical  products  to  be 
tested  on  single  cells  rather  than  on  whole  organisms,  with  improved  speed  and  safety. 

The  technology  for  the  Microfluor  Detector  has  been  patented  and  commercial  interest 
has  been  expressed  by  several  companies. 


Literature:  W.  Kuhr  and  E.  Yeung,  "Indirect  Fluorescence  Detection  of  Native  Amino  Acids  in 

Capillary  Zone  Electrophoresis,"  Analytical  Chemistry,  1988,  60,  1832. 

Patent/License  Status:  U.  S.  Pat.  No.  5,006,210. 

Potential  Applicaiions/Spinoffs:  Human  genome  studies,  study  of  DNA  adduct  formation, 

protein  sequencing,  abuse  substances,  toxins  and  amino  acids. 

For  More  Information  on  this  Technology:    Contact  Daniel  E.  Williams,  Office  of  Research  and 

Technology  Application,  Ames  Laboratory,  119  Office  and  Laboratory,  Iowa  State  University, 

Ames,  Iowa  50011  (515)294-2635. 
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Instrument  Measures  Ocular  Counterrolling 

A  compact,  battery-powered,  noninvasive  unit  replaces  several  pieces  of  equipment  and  an  operator. 


An  instrument  ttiat  lool<s  lii<e  a  pair  of 
goggles  with  a  small  extension  box  meas- 
ures ocular  counterrotation,  whicti  is  the 
torsional  motion  of  the  eye  in  the  direc- 
tion opposite  that  of  the  tilt  of  the  head 
relative  to  the  ground  and/or  caused  by 
muscle-stretch  receptors  in  the  neck.  The 
instrument,  called  the  "otolith  tilt-transla- 
tion reinterpretation"  (OTTR)  goggles,  is 
used  in  studies  of  space  motion  sickness. 
The  instrument  was  developed  to  test  the 
OTTR  theory,  which  suggests  that,  after  the 
central  nervous  system  has  adapted  to 
microgravity,  otolith  signals  elicited  by  tilts 
of  the  head  in  normal  Earth  gravity  are  in- 
terpreted as  indications  of  linear  transla- 
tion. The  OTTR  goggles  can  also  be  adapt- 
ed to  use  on  Earth  and  determine  the 
extent  of  impairment  in  patients  who  may 
have  impaired  otolith  functions. 

Excluding  mounting  suctions  cups  and 
the  face  mask  that  make  contact  with  test 
subject  or  patient,  the  main  part  of  the  in- 
strument is  contained  in  a  box  10.5  by  5.5 
by  2  in.  (26.7  by  14  by  5.1  cm).  It  measures 
the  torsion  of  the  eye  by  measuring  the 
relative  motion  of  an  afterimage  briefly  im- 
printed on  the  retina  by  a  flash  of  light. 
Previously  such  measurements  had  to  be 
performed  in  a  darkened  laboratory  by  one 
or  two  operators  in  addition  to  the  test  sub- 
ject, who  was  restrained  on  a  large  tilt 
table.  Assorted  photographic  equipment  on 
test  stands  was  employed. 

The  new  instrument  contains  electron- 
ics, flash,  target,  display,  and  mechanical 
components  in  a  single  unit.  It  is  mounted 
on  a  wall  or  cabinet  with  suction  cups  and 
operated  by  the  test  subject  alone.  The 
subject  presses  against  the  face  mask  to 
close  out  ambient  light.  A  strap  encircling 
the  subject's  head  helps  to  maintain  a  tight 
fit  (see  figure). 

The  subject  turns  on  the  angle-indicat- 
ing display  in  the  goggles  and  sets  a  target 
to  0°  (that  is,  perpendicular).  The  display 
is  then  turned  off.  Next,  a  cue  light  in  the 
middle  of  the  target  is  turned  on;  the  sub- 
ject focuses  on  this  light  and  presses  the 
flash  button.  The  flash  imprints  the  image 
of  the  target  on  the  retina.  Thereafter,  a 
light  is  strobed  twice  per  second  to  main- 
tain the  afterimage.  The  subject  straight- 
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INSTRUMENT  ALONE,  SHOWING  SOME  COMPONENTS 

The  Compact,  Battery-Powered  Instrument  enables  a  subject  to  self-administer  tests 
for  ocular  counterrolling. 


ens  the  head  and  rotates  the  target  until 
it  becomes  aligned  with  the  afterimage. 
The  subject  turns  on  the  display  once 
more  and  records  its  position.  This  pro- 
cedure is  done  for  initial  head  angles  of 
0°,  15°,  30°,  and  45° 


This   work   was   done   by  Barry  M. 
Levltan    and    Millard    F.    Reschke    of 
Johnson  Space  Center  and  Lawrence 
N.  Spector  of  Krug  International. 
t\/ISC-2171in'N 
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Estimating  Baselines  From  Constrained  Data  on  GPS  Orbits 

Potential  applications  include  measurennents  of  seismic  and 
volcanic  displacements  and  movements  of  tectonic  plates. 


A  method  of  processing  measurements 
of  signals  received  at  terrestrial  stations 
from  satellites  in  the  Global  Positioning 
System  (GPS)  increases  the  precision  of 
estimates  of  both  the  orbits  of  the  GPS 
satellites  and  the  locations  of  the  stations, 
which  are  computed  from  the  measure- 
ment and  orbital  data.  The  locations  of  the 
stations  can  be  used,  in  turn,  to  establish 
baselines  for  geodesy. 

The  method  involves  a  network  of  fidu- 
cial GPS  stations  collocated  with  very-long- 
baseline-interferometry  (VLSI)  stations,  for 
which  independent  VLBI  determinations  of 
baselines  are  available.  GPS  measure- 
ments are  taken  in  continuous  sequences 
("data  arcs")  approximately  1  day  long  (as 
distinguished  from  multiday  data  arcs  used 
in  a  previous  technique).  In  addition,  theo- 
retical orbits  fit  in  an  iterative  manner  to 
the  epnemeris  data  broadcast  during  the 
preceding  1  to  2  weeks  are  used  to  gen- 
erate weak  a-priori  constraints  on  the  pa- 
rameters of  the  estimated  GPS  orbits. 
These  constraints  are  independent  of  the 
GPS  measurements. 

An  essential  part  of  the  method  is 
resolution  of  the  integer  ambiguity  in  the 
phases  of  the  received  GPS  carrier  signals 
(called  "bias  fixing"  in  GPS  jargon)  by  use 
of  the  precise  P-code  GPS  pseudorange 
data.  The  orbital  parameters  are  correlated 
with  the  ambiguities  in  the  phases  of  the 
carrier  signals  to  resolve  the  ambiguities 
and  thereby  increase  the  accuracies  of  the 
estimated  orbits  of  the  GPS  satellites. 
Another  essential  part  of  the  method  is  the 
choice  of  a  set  of  fiducial  stations  that  are 
located  optimally  for  the  determination  of 


Hat  Creek, 
California 


HaystacK, 
Massachusetts 


Mobile 
Stations 


Owens  Valley, 
California 


1,000  km 


Ft.  Davis, 
Texas 


Two  Candidate  Fiducial  Combinations  of  three  stations  each  are  Indicated  by  the 
solid  and  dotted  triangles.  The  one  indicated  by  the  solid  triangle  turns  out  to  be 
best  for  the  729-km  baseline. 


a  given  set  of  mobile  GPS  stations  (see 
figure).  As  a  general  rule,  the  most  favor- 
able geometry  is  obtained  when  the  mobile 
stations  are  near  fiducial  stations  and 
when  the  spatial  extent  of  the  fiducial  net- 
work is  maximized. 

A  third  essential  part  of  the  method  is 
the  application  of  the  constraints  to  the  or- 
bits. The  dynamics  of  a  satellite  are  ex- 
pressed by  a  mathematical  model  that  ac- 
counts for  solar-radiation  pressure,  the 
gravitational  field  of  the  Earth  to  degree 
and  order  12  in  spherical  harmonics,  and 
the  gravitational  fields  of  point  masses  that 
represent  the  Sun,  Moon,  and  other 
planets.  An  orbit  is  estimated  in  two  steps: 
In  the  first  step,  a  nominal  trajectory  is  in- 
tegrated on  the  basis  of  a  least-squares 
fit  to  a  time  series  of  a-priori  values  of  the 
position  and  velocity  of  the  satellite  and 


of  the  parameters  of  the  solar-radiation 
pressure.  In  the  second  step,  the  epoch- 
state  values  of  the  parameters  of  the  orbit 
are  adjusted  by  use  of  the  GPS  carrier- 
phase  and  pseudorange  data  in  a  factor- 
ized  Kalman  filter. 

In  a  test,  the  method  yielded  a  horizon- 
tal precision  of  3  to  4  mm  and  a  vertical 
precision  of  13  mm  on  the  729-km  baseline 
shown  in  the  figure.  The  baseline  deter- 
mined by  this  method  agreed  with  that 
determined  by  VLBI  to  within  10  to  20  mm 
in  all  components. 

This    work    was    done    by    Ulf   J. 
Lindqwister,   Stephen  M.    Lichten,    and 
Geoffrey  I.  Blewitt  of  Caltech  for  NASA's 
Jet  Propulsion  Laboratory. 
NPO-18173 
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Technology  Application 


Pacific  Norttiwest  Laboratory 


Fermentation  Lactic  Acid 


Laciic  acid  has  hccn  used  by  industry 
for  over  a  century.  Generally,  it  has 
been  produced  by  a  rather  simple  and 
efficient  fermentation  process  with 
starches  and  sugars  as  the  principal 
raw  materials.  The  product  is  crude, 
however,  usually  of  less  than  50%  con- 
centration and  contaminated  with  im- 
purities such  as  unconverted  starches 
and  sugars,  corrosion  products,  and  a 
variety  of  organics,  some  of  which  im- 
part objectionable  color. 

Frequently,  acid  of  a  much  higher 
quality  is  required,  particularly  for 
uses  related  to  food,  pharmaceutical 
products,  and  chemicals.  Until  now, 
achieving  such  quality  in  concentrated 
grades  necessitated  costly  processing 
steps,  including  the  use  of  refined  raw 
materials,  crystallization  of  lactate 
salts,  solvent  extraction,  low-pressure 
distillation,  intermediate  production  of 
volatile  lactate  esters,  and  complex 
decolorizing  processes.  Thus,  highly 
concentrated  lactic  acid,  essentially 
clear,  colorless,  and  pure,  has  general- 
ly been  a  rather  expensive  product--it 
now  costs  about  $1.0U  per  pound.  This 
cost  limits  its  potential  for  widespread, 
large-scale  applications  and  has  ac- 
cordingly encouraged  the  successful 
development  of  synthetic  processes. 

In  the  course  of  developing  a  process 
for  converting  lactate  esters  to  acrylic 
acid  and  acrylate  esters,  investigators 
at  Battelle,  Pacific  Northwest 
Laboratories  also  derived  a  related 
process  in  which  crude  carbohydrate 
sources  such  as  byproduct  blackstrap 
molasses,  whey,  potato-processing 
residues,  and  other  food-processing 
wastes  are  converted  efficiently  into 
pure  lactic  acid.  Battelle's  process 
probably  represents  the  most  sig- 
nificant practical  advance  in  fermenta- 
tion lactic  acid  production  technology 
in  the  past  sixty  years.  Although  other 
materials  such  as  ammonia  and  alcohol 


are  employed  in  Battelle's  process, 
these  are  all  readily  recovered  and 
recycled.  Thus,  the  only  material 
directly  consumed  in  the  process  (ex- 
cept for  minor  process  losses)  is  the 
low-cost,  crude  carbohydrate  resource. 
This  raw  material  is  converted  to  pure, 
concentrated  lactic  acid.  High  overall 
process  yields--at  least  75%--are  ex- 
pected. 

Although  proprietary,  patent  pending 
technology  is  essential  to  Battelle's 
process,  some  well-known  non- 
proprietary operations  are  employed. 
In  general,  the  steps  are  as  follows: 

1.  The  carbohydrate  is  fermented  by  a 
selected  organism,  with  ammonia  as 
the  pH  control  agent. 

2.  Under  special  conditions,  the  crude 
ammonium  lactate  is  directly,  rapidly, 
and  efficiently  converted  to  an  ester 
(preferably  low  molecular  weight 
esters  such  as  methyl  or  ethyl). 

3.  The  ester  is  recovered  and  purified 
by  low-pressure  fractional  distillation. 

4.  The  pure  ester  is  hydrolyzed  to  pure 
lactic  acid  via  conventional  methods. 

The  ammonia  involved  in  step  2  and 
the  alcohol  from  step  4  are  both 
recovered  and  recycled. 

In  the  U.S.,  large-scale  fermentation 
for  lactic  acid  production  has  been  es- 
sentially abandoned  and  replaced  by 
processes  of  synthetic  organic 
chemistry  involving  acetaldchyde, 
hydrogen  cyanide,  and  a  mineral  acid. 
However,  a  fermentation  process 
based  on  Battelle's  development  is  ex- 
pected to  be  significantly  more 
economical  than  the  synthetic  proces- 
ses, primarily  because  of  the 
proprietary  improvements  found  in 
step  2. 

Although  pure  lactic  acid  is  still 
produced  worldwide,  both  synthetically 
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and  by  conventional  fermentation 
processes,  it  continues  to  be  a  costly 
commodity.  For  expanded  uses  such 
as  the  production  of  biodegradable 
plastics,  a  much  less  expensive  product 
is  essential. 

Large-scale  application  of  Battelle's 
process  is  expected  to  result  in  the 
economical  production  of  pure  fer- 
mentation lactic  acid  at  a  cost  ranging 
from  15  to  20  cents  per  pound, 
depending  on  the  scale  of  production 


and  the  quality  and  price  of  feedstock. 
At  this  price  range,  the  lactic  acid  is 
expected  to  find  many  major  uses  in 
the  production  of  biodegradable 
polymers,  polymers  for  compounding 
slow  or  controlled-release  drugs  or 
pesticides,  prosthetic  devices,  and 
specialty  chemicals  such  as  solvents 
and  plasticizers. 


For  further  information,  contact  Alex 
Fassbender,  (509)  375-2225. 
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Technology  Application 


Sandia  National  Laboratory 


New  View  of  How  Atoms  Move  on  Surfaces 
Discovered 


A  surprising  new  view  of  how  individual  atoms  move 
about  on  surfaces  has  emerged  in  fundamental  studies  at 
Sandia  National  Laboratories. 

The  new  insights,  supported  by  "compelling  evi- 
dence," both  theoretical  and  experimental,  change  many 
of  our  notions  about  the  motion  of  atoms  on  surfaces, 
according  to  Sandia  scientists. 

They  say  the  new  understanding  also  has  wide 
potential  significance  in  the  design  of  new  electronic, 
optic,  and  composite  materials.  The  findings  may  also 
improve  the  ability  to  make  new  catalysts  and  new 
super-strength  materials  and  to  better  understand  and 
counter  the  processes  of  corrosion. 

The  insights  are  especially  important  as  materials 
scientists  and  engineers  are  becoming  more  and  more 
active  in  tailor-making  new  materials  on  the  atomic  scale 
to  provide  properties  not  found  in  nature.  Many  mate- 
rials required  for  new  microelectronic  applications,  for 
instance,  must  be  constructed  one  atomic  layer  at  a  time. 
Physicists  and  materials  scientists  are  therefore  trying 
to  understand,  on  an  atomic  scale,  how  these  new 
crystalline  materials  grow  and  how  this  growth  can  be 
controlled  to  produce  novel  and  unique  structures. 

Exchange,  not  hop 

Essential  to  this  understanding  is  to  know  how  these 
atoms  move  about  on  the  surface  and  how  they  interact 
with  other  atoms  to  form  new  crystalline  layers. 

The  long-standing  view  of  this  process  was  that 
atoms  "roll  around  like  marbles"  on  the  existing  bumpy 
surface  until  they  group  together  into  compact  little 
islands.  They  sometimes  move  to  new  positions  by 
finding  an  energetically  low  point,  analogous  to  a  pass  in 
a  mountain  range,  and  "hopping"  over  it. 

The  new  investigations  by  Sandia  physicists  Gary  L. 
Kellogg  and  Peter  J.  Feibelman  have  established  that 
the  dominant  mode  of  movement  on  certain  surfaces  is 
not  this  site-to-site  hopping  process  that  is  expected 
intuitively.  Instead,  an  atom  newly  brought  into  inter- 
action with  the  surface  moves  by  exchanging  its  position 
with  that  of  another  atom  in  the  existing  crystalline 
surface  below  it.  That  atom  then  repeats  the  process 
with  another  atom  in  a  nearby  position.  The  result  is  a 
"concerted  exchange/displacement"  process  that  is  mark- 
edly different  in  certain  consequences  and  effects  from 
the  hopping  process  previously  assumed. 


Sandia  physicists  Gary  Kellogg  (left)  and  Peter  Feibelman 
examine  images  and  data  from  a  field  ion  microscope  that 
confirm  a  surprising  new  way  that  individual  atoms  move  on 
surfaces. 


Feibelman's  computational  model  shows  that  when 
this  exchange  displacement  occurs,  it  is  because  substi- 
tution minimizes  the  degree  to  which  surface  atom 
motion  requires  the  rupture  of  chemical  bonds. 

Movements  of  individual  atoms  on  a  surface  now 
have  to  be  viewed  more  as  a  chemical  exchange  phenom- 
enon than  as  simply  a  physical,  mechanical  movement, 
says  Feibelman.  "The  key,"  he  says,  "is  to  think  of  it  as  a 
chemical  phenomenon  rather  than  in  terms  of  a  hard 
sphere  moving  on  a  bumpy  plane." 

Observed  predicted  pattern 

Feibelman  is  a  theoretical  physicist  who  has  already 
been  honored  for  fundamental  work  in  developing  the 
theory  of  electromagnetic  fields  at  surfaces.  He  began 
the  new  work  by  doing  calculations  that  told  him  that 
the  energies  required  for  a  single  atom  (specifically 
aluminum)  to  mcjve  about  by  the  hopping  process  were 
far  higher  than  would  be  expected.  The  calculations 
showed  that  only  one-third  as  much  energy  would  be 
needed  if  the  atoms  moved  about  by  exchanging  their 
positions  with  other  atoms  in  sequence.  He  thus  pre- 
dicted that  experimental  evidence  would  show  that 
exchange/displacement  was  the  dominant  mechanism. 

One  consequence  of  the  prediction  is  that  unlike  the 
hopping  case,  the  exchange/displacement  mechanism 
requires  that  atoms  move  about  only  in  certain  direc- 
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tions  and  patterns,  like  checkers  confined  to  the  black 
squares  on  a  checkerboard.  That  in  turn  predicted  that 
a  map  of  a  single  atom's  movements  would  be  in  a 
certain  pattern,  a  square  with  sides  parallel  to  two 
predicted  directions. 

Kellogg,  an  experimental  physicist,  then  looked  at 
data  he  had  previously  gathered  for  platinum  atoms 
with  a  field-ion  microscope,  which  can  observe  individ- 
ual atoms.  He  noticed  the  same  predicted  pattern.  The 
sites  visited  by  a  single  platinum  atom  moving  about  on 
a  smooth  platinum  surface  formed  a  square  pattern  just 
as  predicted.  Similar  experiments  at  Penn  State  showed 
the  same  for  iridium  atoms  diffusing  on  iridium  surfaces. 

He  then  used  the  field-ion  microscope  to  carry  out 
new  observations.  By  bringing  a  single  atom  into  inter- 
action with  a  smooth  surface,  he  observed  the  exchange/ 
displacement  process  and  also  the  predicted  movement 
patterns.  He  has  repeated  this  work  with  a  number  of 
different  atoms  and  under  several  different  conditions. 

The  exchange/displacement  effect  has  been  estab- 
lished now  for  platinum,  iridium,  and  nickel  atoms.  The 
studies  have  also  shown  the  effects  apply  on  heteroge- 
neous surfaces,  for  instance  platinum  atoms  on  a  nickel 
surface,  and  also  that  they  occur  at  particularly  low 
temperatures,  down  to  105  kelvins  (270  degrees  below 
zero  Fahrenheit). 

A  soon-to-be  published  study  shows  that  two-atom 
pairs  also  migrate  by  a  series  of  exchange  displacements 
and  that  they  do  so  more  easily  even  than  single  atoms. 
(Three-atom  clusters,  however,  move  by  a  combination 
of  exchange  and  hopping  displacements.) 

"People  had  never  thought  of  diffusion  in  terms  of 
bond-making  or  bond-breaking,"  says  Kellogg.  "This  is 
really  a  nice  demonstration  that  we  have  to  look  at  the 
movements  of  atoms  on  surfaces  in  terms  of  chemical 
bonding." 

"This  is  a  first-time  view  of  metals  on  metals  as 
chemistry,"  says  Feibelman.  "It  is  very  rewarding  to  me 
as  a  surface  scientist  to  have  actually  understood  and 
predicted  a  dynamical  phenomenon." 


Series   of   field   ion   microscope   images   shows   \he   atom   ex- 
change process  for  a  platinum  atom  on  a  nickel  surface. 


These  findings  are  being  reported  in  a  series  of 
technical  papers  by  Feibelman  and  Kellogg,  most  in 
Physical  Review  Letters  and  Surface  Science. 

"The  work  of  Kellogg  and  Feibelman  in  our  lab  has 
produced  a  surprising  new  view  of  how  individual  atoms 
migrate  and  cluster  on  solid  surfaces,"  says  Terry  A. 
Michalske.  supervisor  of  Sandia's  Surface  Science  Divi- 
sion. "The  phenomenon  changes  many  of  our  notions 
about  the  motion  of  atoms."  says  Michalske. 

The  findings  show  that  certain  atomically  sharp 
interfaces  may  not  be  possible  to  grow.  This,  he  says, 
suggests  that  "it  may  be  difficult  if  not  impossible  to 
'build"  certain,  otherwise  desirable,  new  crystal  struc- 
tures with  alternating  layers  of  atomic  composition.  In 
addition,  this  work  has  shown  that  the  interaction 
between  diffusing  atoms  can  develop  small  structures 
not  previously  predicted,  and  may  help  us  understand 
the  limiting  size  of  engineered  structures."  Technical 
Contacts:  Peter  J.  Feibelman  (505)  844-6706  and  Gary 
L.  Kellogg  (505)  S44-2079.  '  ® 
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U.S.  Navy  Fact  Sheet 


Naval  Ocean  Systems  Center 

Laser  Discrimination  Using  Stimulated  Luminescence 

A  new  method  for  identifying  unknown  sources  of  laser  light  using  optically  stimulated  phosphors  is  advanced  in  a 
recent  patent  from  the  Naval  Surface  Warfare  Center.  The  technology  is  based  on  the  use  of  a  single  doubly  doped 
magnesium  sulfide  phosphor  that  is  thermally/optically  stimulated  to  generate  a  color  correlatable  to  the  incident 
laser  radiation. 

The  phosphor,  after  being  charged  by  ultraviolet  light,  exhibits  stimulated  luminescence  in  a  green  color  when 
exposed  to  a  near-infrared  source  (Nd:YAG  laser).  The  same  phosphor,  however,  emits  an  orange-red  color  for 
mid-  to  far-infrared  sources  (CO2  laser).  Exposure  to  an  ultraviolet  laser  produces  luminescence,  which  is  of 
orange  red  color  but  with  a  temporal  profile  similar  to  the  laser. 

A  device  using  this  phosphor  is  useful  for  detecting  long  wavelength  infrared  lasers.  The  technology  is  also 
capable  of  infrared  laser  diode  beam  profile  analysis  since  this  radiation  source  leaves  an  imprint  on  the  phosphor 
that  can  be  photographed.  Continued  development  of  the  technology  offers  potential  for  laser  communications  and 
optical  signal  processing  applications. 

Suitable  detector  materials  have  been  identified  and  prepared  as  illustrated  by  figure  1. 
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Figure  1.  Discrimination  of  a  Near  Infrared  Laser 

A  single,  inexpensive,  room  temperature  detection  device  has  unique  characteristics  for  detecting  and  identifying 
ultraviolet,  near  and  far  infrared  lasers.  Detector  material  exhibits  color-specific  stimulated  luminescence  in 
relation  to  incident  radiation  wavelengths. 

Descriptive  Literature:  a.  U.S.  Patent  4,947,465;  b.  Stimulated  Luminescence  in  Rare  Earth  Doped  MgS,  K. 
Chakrabarti,  V.  K.  Mathur,  J.  F.  Rhodes  and  R.  J.  Abbunde;  Journal  of  AppHed  Physics  64,  1363  (1988); 
c.  Evidence  of  v-centers  in  Rare  Earth  Doped  MgS,  K.  Chakrabarti,  V.  K.  Mathur,  L.  A.  Thomas  and  R.  J. 
Abblundi;  Physics  Review  B38,  10894  (1988);  d.  Infrared-to-Visible  Conversion  Following  Sub-Band-Gap 
Excitation  in  MgS:  Eu,  Sm.  K.  Chakrabarti,  V.  K.  Mathur  and  R.  J.  Abbundi;  Physics  Review  B39,  10406  (1989). 

FOR  ADDITIONAL  INFORMATION:  Ramsey  D.  Johnson,  Code  D4T,  Naval  Surface  Warfare  Center,  10901 
New  Hampshire  Avenue,  Silver  Spring,  MD  20903-5000;  Phone  (301)394-1505,  Autovon:  290-1505.  Refer  to 
NSWC-TAA-9 1-001. 


315 


Technology  Application 


i 


Sandia  National  Laboratory 

Chemical  Detection  Instrument  Could  Aid  Treaty 
Compliance 


A  new  sampling  ultraviolet  (UV)  fluorometer  devel- 
oped at  Sandia  National  Laboratories  detects  complex 
hydrocarbon  molecules  in  the  air. 

Among  potential  uses  of  the  new  instrument  is  the 
detection  of  chemical  warfare  agents  that  might  be 
prohibited  by  international  treaty.  It  may  be  developed 
further  for  remote  measurement  by  using  lasers.  This 
enhancement  could  make  it  possible  to  scan  a  given  area 
to  show  where  molecular  species  are  concentrated,  cre- 
ating a  so-called  plume-dispersal  model. 

The  prototype  sampling  fluorometer  uses  a  small 
pump  to  draw  air  into  a  chamber  that  is  irradiated  by 
UV  light  from  a  high-pressure  xenon-arc  lamp.  Scat- 
tered light  then  forms  an  intensity  (amplitude)  pattern 
that  is  characteristic  of  a  specific  molecular  species. 

In  laboratory  tests,  both  the  excitation  spectrum 
and  the  fluorescence  spectrum  of  two  chemical  weapon 
simulants,  DMMP  (dimethyl  methyl  phosphonate)  and 
DIMP  (diisopropyl  methyl  phosphonate),  were  mea- 
sured in  the  200-400  nanometer  range.  Laboratory  cali- 
bration demonstrated  that  the  instrument  was  capable 
of  detecting  fluorescence  from  DIMP  at  a  concentration 
of  1  part-per-million  (ppm)  and  from  DMMP  at  10  ppm, 
in  air.  Data  obtained  from  these  and  other  tests  have 


yielded  fluorescence  excitation  cross-sections  that  are 
now  being  used  to  assess  the  feasibility  of  developing  a 
state-of-the-art  UV-LIDAR  (Light  Detection  And  Rang- 
ing) system. 

"The  fluorometer  has  worked  better  than  we 
expected,"  says  Philip  Hargis  of  Sandia's  Laser  and 
Chemical  Physics  Research  Department.  "We  expect  to 
make  a  number  of  small  improvements  that  should 
increase  its  sensitivity  by  several  orders  of  magnitude. 
Detection  limits  in  the  parts-per-billion  range  may  well 
be  possible." 

The  fluorometer  was  used  in  a  recent  field  test 
experiment  to  detect  non-toxic  hydrocarbon  molecules 
released  into  the  atmosphere.  In  addition  to  the 
fluorometer,  Sandia  Labs  also  provided  air  sampling 
instrumentation  to  monitor  the  concentration  of  the 
chemical  vapor  cloud  at  selected  ground  locations 
around  the  test  site.  Sandia  data  are  being  used  in 
conjunction  with  meteorological  data  from  White  Sands 
in  New  Mexico. 

Hargis  developed  the  fluorometer  in  collaboration 
with  Larry  Thorne  of  Sandia's  Applied  Research  Pro- 
gram Development  Organization  in  Livermore.  Techni- 
cal Contact:  Philip  Hargis  (505)  844-2821.  ® 
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Broadband,  Achromatic  Twyman-Green  Interferometer 

Specimens  can  be  tested  at  wavelengths  from  ultraviolet  to  infrared. 


An  improved  Twyman-Green  interferom- 
eter can  be  used  in  wave-front  testing  op- 
tical components  at  wavelengtfis  from  200 
to  1,100  nm,  withiout  having  to  readjust  tfie 
focus  whien  chianging  the  wavelength.  This 
interferometer  was  built  to  measure  the 
aberrations  of  light  passing  through  optical 
filters.  It  overcomes  some  of  the  limitations 
of  classical  Twyman-Green  interferome- 
ters; namely  that  (1)  they  are  useful  in  visi- 
ble light  only  (wavelengths  from  400  to  700 
nm)  because  the  lenses  in  them  transmit 
poorly  at  other  wavelengths  and  because 
human  eyes  and  conventional  photograph- 
ic films  are  insensitive  at  other  wavelengths, 
(2)  the  visibility  of  the  interference  fringes 
is  often  poor  making  use  difficult  and 
tedious,  and  (3)  shifts  in  focuses  caused 
by  axial  chromatic  aberration  in  the  lenses 
degrade  the  interferograms. 

The  improved  apparatus  (see  figure)  is  de- 
noted the  "broadband  achromatic  Twyman- 
Green  interferometer"  The  collimating  and 
imaging  lenses  of  the  classical  Twyman- 
Green  configuration  are  replaced  by  a 
single  spherical  mirror  The  field  lens  is 
replaced  by  a  field  mirror  Unlike  lenses, 
mirrors  exhibit  no  axial  chromatic  aberra- 
tion and  can  be  made  to  reflect  light  effi- 
ciently over  the  desired  broad  range  of 
wavelengths. 

The  glass  beam  splitter  and  compensa- 
tor of  the  classical  version  are  replaced 
by  corresponding  elements  of  fused  silica, 
which  is  more  transparent  to  ultraviolet. 
The  beam-splitting  layer  is  a  thin  film  of 
aluminum,  which  reflects  approximately 
the  same  fraction  of  the  incident  energy 


Flat 
Mirror     Specimen 


Collimating  and 
Imaging  Mirror 


Monochromator 
Source 


The  Broadband, 
Achromatic  Twy- 
man-Green Inter- 
ferometer operates 
at  wavelengths  from 
200  tol.OOOnm, with- 
out the  need  to  read- 
just the  focus  when 
changing  the  wave- 
length. 


at  all  wavelengths  in  the  desired  range.  A 
small,  relatively-low-resolution  monochro- 
mator IS  used  in  several  orders  to  cover 
the  broad  wavelength  range.  Two  or  three 
types  of  light  sources  are  also  necessary 

Whereas  the  human  eye  or  photograph- 
ic film  is  the  final  imaging  detector  in  the 
classical  version,  in  this  version  the  imag- 
ing detector  is  a  charge-coupled-device 
television  camera  that  is  modified  to 
enhance  its  sensitivity  to  ultraviolet  light. 
The  modification  consists  in  removing  the 
cover  windows  and  coating  the  surface  of 
the  charge-coupled  device  with  coronene, 
which  fluoresces  visibly  under  ultraviolet 
light. 

The  use  of  the  single  concave  spherical 
mirror  both  to  collimate  and  to  image 
makes  it  possible  to  build  a  more  compact 
instrument.  At  first  glance,  it  might  seem 


foolish  to  use  such  a  mirror  because  it  in- 
troduces huge  aberrations  into  the  wave- 
front.  However,  provided  that  the  lengths 
of  the  T  and  R  optical  paths  are  equal,  the 
apparatus  can  still  produce  straight,  par- 
allel, and  equally  spaced  interference 
fringes,  because  the  deviations  of  both  in- 
terfering wavefronts  from  a  perfect  plane 
are  identical  and,  therefore,  cancel  in  the 
interference  pattern.  The  requirement  for 
equal  path  lengths  is  met  automatically  be- 
cause the  coherence  path  length  of  the 
light  from  the  monochromator  is  only  a  few 
microns.  The  interference  fringes  cannot 
be  seen  unless  the  path  lengths  are  equal. 
This  work  was  done  by  Lawrence  J. 
Steimie  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory 
NPO-17675/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  PC  Box  8757, 
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Monitoring  Engine  Vibrations  and  Spectrum  of  Exhaust 

Vibration-  and  emission-spectrum  "signatures"  indicate  the  condition  of  tine  engine. 


Real-time  computation  of  tfie  intensities 
of  peaks  in  ttie  visible-light  emission  spec- 
trum of  exhaust  has  been  combined  with 
real-time  spectral  analysis  of  vibrations  into 
a  developmental  monitoring  technique  that 
provides  up-to-the-second  information  on 
the  conditions  of  critical  bearings  in  an 
engine.  The  technique  was  conceived  to 
monitor  the  conditions  of  bearings  in  a  tur- 
bopump  that  supplies  oxygen  to  the  Space 
Shuttle  main  engine  and  is  based  on  pre- 
vious obseny/ations  that  both  vibrations  in 
the  bearings  and  the  intensities  of  visible 
light  emitted  at  specific  wavelengths  by  the 
exhaust  plume  of  the  engine  can  indicate 
wear  and  incipient  failure  of  the  bearings; 
The  concept  may  be  applicable  to  monitor- 
ing the  "health"  of  other  machinery  (e.g., 
automotive  engines  and  industrial  furnac- 
es) via  the  spectra  of  vibrations  and  elec- 
tromagnetic emissions  from  exhausts. 

This  monitoring  concept  is  related  to  the 
one  described  in  the  preceding  article, 
"IVIonitoring  Bearing  Vibrations  for  Signs 
of  Damage"  (MFS-29734).  In  this  case, 
however,  instead  of  displaying  the  broad 
vibrational  spectrum  at  a  given  instant,  one 
displays  plots  that  provide  an  up-to-the- 
second  history  of  the  intensities  in  (a)  two 
narrow  bands  of  the  spectrum  of  vibrations 
and  (b)  two  narrow  bands  of  the  emission 
spectrum  of  the  exhaust  (see  figure). 

The  frequency  bands  are  selected  on 
the  basis  of  previous  experience  as  being 
indicative  of  the  condition  of  the  engine: 
The  appearance  of  certain  anomalous  wave- 
lengths in  the  exhaust  can  be  correlated 
with  the  appearance  of  certain  frequen- 
cies of  vibration.  By  observing  the  evolu- 
tion of  the  plots,  a  test  engineer  can  deter- 
mine when  damage  has  become  severe 
enough  to  warrant  turning  the  machinery 
off  or  disassembling  the  machinery  to  in- 
spect or  replace  the  bearings 

This  work  was  done  by  Carol  L. 
Martinez,  Michael  R.  Randall,  and  John 


Histories  of  intensities  of  Pealcs  at  two  frequencies  in  each  of  two  spectra  indicate  the 
"health"  of  a  turbopump  bearing  in  a  rocket  engine.  Displays  like  these  can  be  produced 
on  the  screen  of  a  personal  computer  in  real  time  from  the  output  of  an  emission  spec- 
trometer and  vibration-analyzing  equipment.  No  further  modification  of  the  engine  under 
test  is  required. 
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Analyzing  Takeoffs  of 
Powered-Lift  Aircraft 

Engine  and  nozzle 
settings  for  minimum 
takeoff  roll  are  predicted. 

A  report  describes  additions  to  the  AC- 
SYNT  aircraft-synthesis  computer  code  to 
reflect  analyses  of  the  tat<eoff  perform- 
ances of  ejector/augmentor  and  vectoring- 
nozzle  short-tai<eoff  airplanes.  The  new 
computer  code  predicts  the  engine  and 
nozzle  settings  that  minimize  the  tat<eoff 
roll  (the  horizontal  distance  traveled  on  the 
ground  during  tal<eofO. 

In  a  powered-lift  aircraft,  a  portion  of  the 
engine  thrust  can  be  deflected  at  various 
angles  to  the  fuselage.  This  feature  ena- 
bles the  aircraft  to  tal<e  off  at  lower  speeds 
and  with  shorter  tat<eoff  rolls;  it  also  com- 
plicates the  analysis  of  performance  be- 
cause in  addition  to  the  unl<nowns  of  con- 
ventional aircraft  (tat<eoff  velocity,  flap  set- 
tings, tail  settings,  and  rotation  speed),  it 
presents  the  additional  unknowns  of  the 
front  thrust-vector  angle,  rear  thrust-vector 
angle,  and  thrust  split  (the  allocation  of  the 
total  engine  thrust  to  the  front  and  rear 
nozzles). 

For  purposes  of  the  analysis,  a  number 
of  simplifying  assumptions  are  invol<ed,  in- 


cluding the  following: 

•  The  effects  of  a  reaction  control  system 
are  not  considered. 

•  Moments  of  inertia  are  neglected,  and  the 
aircraft  is  treated  as  a  point  mass  located 
at  its  center  of  gravity. 

•  All  aerodynamic  moments  are  treated  as 
negligibly  small,  relative  to  thrust  mo- 
ments. 

•  The  variation  of  fonward  thrust  is  taken  as 
linear  with  respect  to  the  thrust  split. 

•  Ground  effects  are  ignored. 

•Only  single-engine  aircraft  are  considered. 

In  the  calculations,  only  the  front  and 
rear  thrust  vectors  are  used  in  balancing 
the  aircraft.  The  user  specifies  such  quan- 
tities as  the  angle  range  of  the  forward 
nozzle,  the  limit  on  the  thrust  split,  the  flight- 
path  angle,  the  acceleration  along  the 
flightpath  at  takeoff,  and  the  initial  nozzle 
and  flap  angles  for  the  takeoff  roll. 

Three  equations  are  used  to  predict  the 
forward-nozzle  angle,  aft-nozzle  angle,  and 
thrust  split  that  minimize  the  takeoff  roll. 
The  first  equation  states  that  the  sum  of 
moments  about  the  center  of  gravity  creat- 
ed by  the  ram  drag,  front  thrust,  and  rear 
thrust  must  equal  zero  to  balance  the  air- 
craft. The  second  equation  states  that  the 
sum  of  forces  perpendicular  to  the  flight- 
path  (principally  thrust,  lift,  and  weight) 
must  equal  zero  at  takeoff.  The  third  equa- 


tion expresses  the  sum  of  forces  along  the 
flightpath  as  the  value  that  gives  the  speci- 
fied takeoff  acceleration. 

These  equations  cannot  be  solved  ex- 
plicitly Instead,  initial  values  of  the  front- 
nozzle  angle  and  the  takeoff  velocity  are 
guessed,  and  an  iterative  procedure  is 
used  to  arrive  at  the  settings  that  produce 
the  minimum  takeoff  velocity.  The  takeoff 
roll  is  then  calculated  by  integrating  the 
velocity  during  the  interval  required  to  ac- 
celerate to  the  minimum  takeoff  velocity. 

In  a  test,  the  new  computer  program 
predicted  takeoff  rolls  and  nozzle  settings 
for  the  YAV-8B  Harrier  airplane  that  were 
close  to  actual  values.  In  another  use,  an 
analysis  of  performance  for  ejector/aug- 
mentor and  vectoring-nozzle  designs  indi- 
cated that  the  takeoff  roll  can  be  de- 
creased by  horizontally  moving  the  rear 
thrust  vector  closer  to  the  center  of  gravity, 
by  increasing  the  vertical  position  of  the 
ram-drag  vector,  or  by  moving  the  rear 
thrust  vector  farther  below  the  center  of 
gravity. 

This  work  was  done  by  Andrew  S. 
Hahn  of  Ames  Research  Center  and 
Douglas  A.  Wardwell  and  Dora!  R.  Sandlln 
of  California  Polytechnic  State  University. 
"Takeoff  Predictions  for  Powered-Lift 
Aircraft."  ARC-n784/TN 
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Transonic  Flows  About  a  Fighter  Airplane 

Navier-Stokes  calculations  simulate  complicated  flow  fields 
and  interactions. 

A  report  describes  a  connputational  study  of  transonic  flows 
about  an  airplane  having  a  shape  similar  to  that  of  the  F-1 6A  fighter. 
This  study  is  an  example  of  the  use  of  techniques  of  computational 
fluid  dynamics  to  simulate  complicated  flows  of  practical  impor- 
tance. Computational  fluid  dynamics  has  become  indispensable  to 
the  design  of  advanced  aircraft,  turbomachinery,  valves,  and  other 
equipment  that  involve  fast  flows,  because  it  enables  designers  to 
visualize  quickly  the  effects  of  changes  in  design,  without  having  to 
perform  an  expensive  and  time-consuming  wind-tunnel  experment 
or  a  dangerous  flight  test  to  evaluate  every  such  change. 

This  study  focused  on  the  effects  of  the  separations  of  flow  at  the 
angles  of  attack  that  the  F-16A  was  designed  to  sustain.  One  of  these 
separations  isacontrolled  effect  of  the  strake,  which  isdesignedtocause 
a  strong  primary  vortex  on  the  inboard  wing/fuselage.  The  "nonlinear"  lift 
generated  by  this  effect  of  the  strake  keeps  the  airplane  controllable 
long  after  a  conventionally  designed  airplane  would  have  stalled. 

Another  separation  of  interest  is  that  often  induced  on  the  rear  of  the 
wing  by  shocks  in  transonic  flight.  This  separation  is  also  controlled  in  the 
sense  that  the  supercritical  wing  was  designed  to  delay  the  shocks  that 
tngger  that  separation  as  far  aft  as  possible.  Wing-tip  separation  is 
expected  where  the  wing-tip  vortex  causes  inboard  flow  at  high 
angles  of  attack.  At  higher  angles  of  attack,  separated  flow  also 
gives  rise  to  a  vortex  at  the  leading  edge  of  the  wing.  The  ability  to 
simulate  these  effects  is  important  because  all  modern  fighters, 
especially  those  being  considered  for  the  Advanced  Tactical 
Fighter(AFT)  competition,  will  be  designed  to  use  nonlinear  lift 
generated  by  strakes,  chines,  canards,  or  leading-edge  extensions. 

The  flow  fields  were  simulated  by  finite-difference  solution  of  the 
Euler  equations  and  the  thin-layer  approximation  of  the  Navier- 
Stokes  equations,  by  use  of  the  Transonic  Navier-Stokes  (TNS) 
computer  program.  The  computational  gnds  about  the  wing  and 
fuselage  were  generated  by  a  computer  program  called  "ZONER," 
which  subdivides  a  coarse  grid  about  a  fighterlike  aircraft  body  into 
smaller  zones  that  are  tailored  to  local  grid  requirements.  These 


zones  can  be  either  finely  clustered  for  capture  of  viscous  effects  or 
coarsely  clustered  for  inviscid  portions  of  the  flow  field. 

Different  sets  of  equations  can  be  solved  in  the  different  zones. 
This  modular  approach  also  affords  the  opportunity  to  modify  a  local 
region  of  the  grid  without  recomputing  the  global  gnd.  thereby 
speeding  the  design  optimization  process  when  quick  modifications 
are  desired.  The  algorithm  embodied  in  TNS  is  implicit  and  is 
capable  of  capturing  pressure  gradients  associated  with  shocks.  An 
algebraic  eddy-viscosity  model  of  turbulence  was  used  and  proved 
adequate  for  viscous  interactions  with  moderate  separation. 

Viscouseffectswerecomputed  normal  toall  aircraft  surfaces:  in  wake 
zones,  including  regions  behind  the  trailing  edge  of  the  wing;  and  in 
regions  outboard  of  the  tip.  Laminar  solutions  were  generated  for 
qualitative  comparison  with  water-tunnel  flow-visualization  experiments 
and  for  analysis  of  critical  points.  Turbulent  solutions  were  generated  at 
moderate  angles  of  attack  for  quantitative  companson  to  wind-tunnel 
data  and  for  qualitative  companson  to  wind-tunnel  flow-visualizations. 

Extensive  use  of  video  graphic  simulation  was  made  to  analyze 
the  particle-trace  behavior  of  several  of  the  solutions.  Comparisons 
of  computed  data  with  experimental  data,  including  flow  visualiza- 
tions, showed  good  quantitative  and  qualitative  agreement. 

This  work  was  done  by  Steve  Reznick  andJolen  Flares  o^Ames 
Research  Center.  Further  information  may  be  found  in  NASA  Th/I- 
1 00009 [N88-220 10],  'Transonic Navier- 
Stokes  Computations  of  Strake-Gener- 
ated  Vortex  Interactions  for  a  Fighter- 
Like  Configuration. " 

Copies  may  be  purchased  [prepay- 
ment required]  from  the  National  Techni- 
callnformation  Service.  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650 
Rush  orders  may  be  placed  foran  extra  fee 
by  calling  (800)  336-4  700.   ARC-  12304/TN 
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